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\ In the next issue of ETI, we will be looking at the 
QY On new generations of super processor chips - 
ih \ | | chips like the Pentium, the Alpha 21064 and the 
R4400. We will be examining what they can do 

and how they will be used. There will be a full 

F - range of new projects, including a computer 

Pt aided typing system for the disabled. We will 

| SUBSCRIPTION also be continuing the series on computer inter- 
| HOTLINE facing and introducing the new ETI computer 
[ 0737 7686 conferencing system, that will put readers in 


touch with each other. 


All reasonable care is taken in the preparation of the magazine contents, but the publishers cannot be held legally responsible for errors 
in the contents of this magazine or for any loss however arising from such errors, including loss resulting from the negligence of our 
staff. Reliance placed upon the contents of this magazine Is at readers ownrisk. ~ 
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FLAT 
SPEAKERS 


E ver fancied having a super 
efficient high fidelity speaker 
that was just a centimetre thick 
and could be hung on the wall or 
the ceiling? Great for surround 
sound! Well now, thanks to a bit 
of lateral thinking by scientists at 
the UK’s Defence Research 
Agency, such speakers should be 
on the market within the next few 
years. 

The scientists atthe DRA were 
developing a sound absorbing sys- 
tem for use on helicopters and out 
of curiosity decided to see if it 
could produce sound as well as it 
absorbed it. They were amazed to 
discover that it was able to pro- 
duce high quality sound with 
100% efficiency in energy con- 
version, which compares with 1% 
efficiency in a conventional loud- 
speaker. 

The system is made from a 
sandwich of two 0.06mm alu- 
minium sheets with a precision 
machined air filled honeycomb in 


between. The result is a flat metal 
board about |cm thick. It is driven 
by aconventional mechanical coil 
attached to the back, which in 
turn is powered by a standard 


power amplifier. There is only 
one drawback - at the moment 
they are hand made and a Im 
square flat speaker will set you 
back a cool £1000. 


ea 
ae 


SUPER CCDS 
WILL 
REPLACE 
FILM 


he development ofsuper-large 

high resolution CCD imaging 
chips by the Canadian company 
Dalsa Inc., of Waterloo, Ontario, 
looks set to sound the death knell 
for conventional film based pho- 
tography. 

These giant 2.5in square chips, 
called Megasensors, are packed 
with 26.2 million pixels. An im- 
age resolution that is one third 
better than that of conventional 
film with an equivalent of about 
18 million pixels in the same 
area. But at $20,000 per chip, do 
not expect to see them in commer- 
cial electronic cameras just yet! 


EPROM 


PROGRAMMER/ 
EMULATOR 


FOR PCs 


rom Saje Electronics comes 
anew low cost EPROM pro- 
grammer/emulator, the SP1000. 
This device works in stand alone 
mode or interfaces directly with a 
PC via a special software pack- 
age. It will program and emulate 
most EPROMs, OTP and FLASH 
devices, and ease of use of both 
software and hardware has been a 
key design feature. Priced at just 
£299, plus £29 for the software 
package, it offers good value for 
money. Saje can be contacted on 
0223 425440. 
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NEW DIGITAL STORAGE SCOPE FROM 


irom Trio Kenwood comes a 

new programmable: digital 
‘storage oscilloscope, the 
DCS8200. It combines a 20ms/s 
" gseilloscope with 32K words of 


“NEW PCB 
| CAD FROM 
TSIEN 


rom Tsien, developers of the 
PC based BoardMaker PCB 
CAD system, comes a new pack- 
age called BoardCapture. This 


_KENWOOD 


memory per channel and S0Hz 


real-time capability, It features 

both GPIB and RS232 interfaces 

for computer data acquisition. 
Complete with probes, the 


program is designed to automate : 


‘the generation of schematic cit- 
| enit diagrams, with a direct out-. 
Hel of net-list) data for 


built intelligence, and extensive. 


libraries. The program-is also 


available pasate the’ track 
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DCS8200 costs £2455 and fur- 
ther information:can be obtained 
from Kenwood on 0923 816444, 


CHIPS AT 
ATOMIC 
LEVEL 


\ ee at AT&T’s Bell Re- 
search Labs and Harvard Uni- 
versity are developing ways of 
building electronic circuits from 
single atoms that are positioned 
using beams of light. The indi- 
vidual atoms are moved as they 
are deposited onto the surface of a 
semiconductor such as silicon, 
with very precise amounts of en- 
ergy provided by photons. 

The technique actually in- 
volves creation of a form of lens 
for precisely focusing the atoms 
to be deposited. A lens which is 
created from a large number of 
photons forming what is known 
as a standing wave. Such 
positional accuracy should allow 
the construction of electronic cir- 
cuits with dimensions of less than 
one tenth of a micron. 

Integrated circuits might get a 
lot smaller, more powerful and a 
lot faster than we ever thought. 


ith ever more powerful per- 
sonal computers on the mar- 
ket at low cost, it is not surprising 
that an increasing number of peo- 
ple are using a PC to replace 
traditional laboratory instruments. 

Special plug in boards are used 
to acquire the data to be meas- 
ured, and computer software then 
interprets the data and displays it 
ina way that resembles a conven- 
tional instrument. These screen 
based instruments are referred to 
as virtual instruments and can 
range from simple voltmeters to 
high frequency oscilloscopes. 

A range of virtual instrumen- 
tation hardware and software is 
available from Loughborough 
Sound Images. These are Win- 
dows based systems and utilise 
LSI’s DSP based data acquisition 
boards. Virtual instruments in- 
clude a multi-channel real-time 
digital oscilloscope and spectrum 
analyser. The software also sup- 
ports data logging, data manipu- 
lation and non-real time simula- 
tion. 

For more information contact 
LSI on 0509 231843. 


MERCURIAL 
SUPERCONDUCTOR 


ast March, a team of Russian scientists announced the develop- 

ment of a new high temperature superconductor based upon 
mercury. Most high temperature superconductors are based upon 
either of the two elements, yttrium or bismuth, plus an assortment of 
other elements. 

The properties of these superconductors depend upon the way in 
which the particles are aligned, a fact which makes fabrication of 
superconducting wires, etc., very difficult and expensive. According to 
scientists from the Argonne National Laboratory in the USA this is not 
the case with the Russian mercury based superconductor, which should 
therefore be cheaper to manufacture. 

But there is one problem - the high mercury content makes it rather 
dangerous to use! 
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SUPERSONIC MAGNETS 


A! aremote firing range in the Scottish coastal area of Kirkudbright, 
scientists at the Electro-Magnetic Launcher Facility are using 
electromagnetic pulses to fire projectiles at over ten times the speed of 
sound. 

This technology is seen by many in the military as superseding the 
use of explosives as the projectile force for big guns. It is also a 
technology which some space scientists see as having the potential to 
launch small objects and raw materials, into space at a very low cost. 

It is an Anglo-American research project and involves using a 
tungsten projectile that sits between two conducting rails (the reason 
why this system is known as a rail gun). An electrical pulse of about 
3 million amps passes between the rails through an armature behind 
the projectile. The result is an enormous magnetic force which 
accelerates the projectile to a speed of up to 4000m per second. 
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SPEECH 
SYNTHESIS 
AND 
RECOGNITION 
FROM APPLE 


he personal computer com- 

pany Apple has just an- 
nounced two new systems, the 
Cyclone and Tempest, which fea- 
ture speech recognition and syn- 
thesis. 

The speech synthesis used in 
these computers is based upon 
phonemes, tiny fragments of 
speech sound. These phonemes 
are used to reconstruct the sound 
of spoken words and phrases in a 
very natural manner. In-built in- 
telligence allows the system to 
alter the sound and intonation in, 
for example, a question. 

The speech recognition sys- 
tem is capable of recognising sev- 
eral hundred key words with a 
high degree of accuracy. It does 
this without any previous training 
and regardless of any accent or 
dialect, It is intended as a voice 
input command system, as op- 
posed to a voice input typing sys- 
tem. Apple can be contacted on 
081 569 1199. 
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KEYBOARDS 
WITHOUT 
KEYS 


romIBM’s researchers in Ger- 
many comes the idea of what 


they refer to as virtual keyboards, 
in other words keyboards without 
any physical keys. 

With this technique the key- 
board simply consists of a flat 
surface, a template and a video 
camera which watches the move- 
ment of the user’s fingers. The 
computer analyses the data from 
this camera and then decides 
which keys have been pressed. 

The great advantage of this 
system is that it allows the crea- 
tion of small and very light key- 
boards which can be instantly 
reconfigured by using a display as 
the template. Such keyboards 
would also be free of all the me- 
chanical problems which plague 
current keyboard technologies. 

The virtual keyboard could 
also be used in environments 
which are currently difficult or 
impossible. Vandal proof key- 
boards in public places, or fully 
sterilised keyboards for use in 
operating theatres. 

Expect to see systems in pro- 
duction in 1995. 


CABLE TESTING FOR 
SAFETY 


| CALLING ALL 
MICROENGINEERS 


M icroengineering is all about building machines using integrated 
circuit manufacturing techniques, machines which contain mov- 
ing parts that are smaller than a human hair and which combine 
electronics and mechanics to produce accelerometers, pressure sen- 
sors, chemical analysers, even microscopic electric motors, and in the 
future perhaps robots that are no larger than a grain of wheat. 

Microengineering is a very new science and one that has enormous 
industrial potential. It is not surprising that the Japanese are spending 
$200 million on research, the Germans over £60 million and even the 
Danes are spending over £6 million. It is therefore a relief to hear that 
the UK government has just put up £11.8 million to fund research 
through the Link Nanotechnology programme. 

This funding should ensure that UK industry has a stake in this new 
technology. Let’s hope that the government does not pull the plug on 
funding before viable research has been completed. 


‘Peep Alarm’, it is designed to 
detect the presence of light. In the 
dark it is effectively switched off, 
but when light falls on it, its in- 
built photosensor triggers the 
alarm which then emits a loud 
4.6KHz shrill tone, At £8.95 it is 
available from all Maplin stores, 
or ring 0702 554161. 


NEW MAPLIN 
ALARM 
PROJECT 


F rom Maplin Electronics 
comes a new low cost, light 
operated alarm kit. Called the 


sot a al 


BLUE CHIP 
I/O CARDS 


range of high quality PC I/O 

cards are now available from 
Blue Chip Technology. The cards 
are all high performance data ac- 
quisition products, available off 
the shelf and built to BS5750 stand- 
ards using the latest surface mount 
technology. They come witha three 
year warranty. 

The first boards to be offered 
include digital, analogue and se- 
rial cards, all of which feature 50 
way D Type connectors and on- 
board timers. The range includes a 
44 channel combination card which 
features sixteen analogue input 
channels, 4 channels of analogue 
output, DMA and 24 channels of 
programmable digital I/O. There is 
also a 144 channel digital I/O card. 

For further information contact 
Blue Chip Technology on 0244 
$20222. 


TWO NEW 1994 
CATALOGUES 


Hz: Audio Electronics has just published its new 300 page full 
colour catalogue for 1994. Packed with a wide range of:compo- 
nents and equipment, this catalogue is available by post, or at the 
company’s shop, priced at £2 for callers or £4 by post, It also contains 
four money off vouchers worth £5 each. Henry’s shop is at 404 Edgware 
Road, London W2, or contact their sales office on 071 258 1831. 

The other new catalogue comes from Maplin. In fact, there are two 
new catalogues from the company, the familiar 800 pager and a new 24 
page showcase brochure. The main catalogue is larger and features a 
new look user friendly index, enhanced colour and better quality paper. 
It includes over £50 worth of money saving vouchers costs £2.95, 
available from most newsagents or directly from Maplin. The small 
‘Showcase’ brochure features a host of special offers on kits, compo- 
nents, tools, and test equipment. 

For more details contact Maplin on 0702 552911. 


VERTICAL 


LASERS 


t the US Sandia National 

Laboratories, scientists have 
developed a revolutionary new 
form of solid state laser, a devel- 
opment which looks set to change 
the way in which such lasers are 
used and could even mean the end 
of the cumbersome helium neon 
laser. 

The new laser is a type known 
as a vertical cavity surface emit- 
ting laser, or VCSEL. Unlike con- 
ventional solid state lasers, it is 
capable of producing laser light 


“The alarm al 


“(Passive Infte Red) rona Pi 
encral 


within the visible spectrum, the 
red part of the spectrum between 
639nm and 699nm wavelength. 

This development should open 
up commercial applications such 
as displays, holographic memo- 
ries, bar-code scanners, etc., to 
solid state lasers, applications 
which are currently confined to 
using gas or dye lasers. 
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ULTRA MINI SOCKET AND 
HEADER SYSTEM 


rom 3M comes a new mini socket and header [DC system which 
doubles the density of traditional connectors. This system uses 
0.05in contact spacing as opposed to the familiar 0.1in spacing. 

This high contact density has been made possible by the develop- 
ment of a proprietary termination technique. Called ‘Hill-n-Dale’, this 
3M system vertically displaces every other wire, thus creating the 
separation necessary to use 0.025in pitch ribbon cable, without having 
to reduce the size and strength of the IDC. 

This system should give designers a space saving of around 60%, 
thus increasing flexibility and enabling the design of more compact 
electronic packaging. For further information contact 3M on 0344 
858509. 
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COMBINED 
EPROM 
EMULATOR/ 

PROGRAMMER 


Fe White House Systems 
comes a combined EPROM 
programmer and emulator called 
the Progulator. It has been de- 
signed with the serious amateur 
or professional user in mind and 
will emulate all commonly used 
EPROMs for 8 bit work, that is 
the 27(C)64 through to the 
27(C)512. 

The system features seven dif- 
ferent programming algorithms 
which allow one to program most 
commonly used EPROMs. The 
data to be programmed onto the 
EPROM is downloaded from a 
host PC via the serial port. 

The programmer/emulator 
hardware comes with a sophisti- 
cated PC based software package 
which controls the programming 
and emulation functions. 

The Progulator system costs 
£180. Contact White House Sys- 
tems on 091 373 4605. 


PROGRAM 
DSPs IN C 


riting optimised programs 

for digital signal processor 
chips has never been very easy. 
But now, thanks to a special soft- 
ware library from Loughborough 
Sound Images, it should be possi- 
ble for any engineer to attain close 
to theoretical peak performance 
from the Texas Instrument 
TMS320C40 and TMS320C3x 
DSP chips, with code written in 
Cc 

For example, using LSI’s li- 
brary of routines one can imple- 
ment a 100-coefficient finite im- 
pulse response (FIR) filter in just 
548us on a 4OMHz C40. That is 
about one sixth of the execution 
time of a compiled C routine. 
Other high performance routines 
in the library include fast Fourier 
transforms, infinite impulse re- 
sponse filters, convolution, corre- 
lation and windowing functions. 
In addition, there are other 
optimised useful routines such as 
a Gaussian white noise generator 
and matrix multiplication. 

This software package is called 
DSPlib and comes with full and 
comprehensive documentation. 
The routines are supplied as both 
source and executable code, no 
run-time licence is necessary. Also 
provided are high level utilities 
which allow code to be developed 
in C on a PC and downloaded to 
any of LSI’s compatible hardware 
for PCbus, VMEbus or Sbus. Code 
can then be run on the DSP with 
results displayed in real time on 
the screen. 

DSP hardware available from 
LSI includes a variety of 
TMS320C40 and TMS320C3x 
boards for PC, VME systems. 
They also produce a range of soft- 
ware including debuggers, assem- 
blers and linkers, C compilers, 
etc. 

For further information con- 
tact Loughborough Sound Images 
Ltd. on 0509 231843. 


_ NEWHANDHELD 
FREQUENCY COUNTERS » 


ow available in the UK i isa tange of handheld frequency counters 


from the US company, S 


designed for the hobby communicatic 
wide Pie of features ak previously Obininable A kuch » law Brae: 


There are four units in the range and they cover frequency ranges 
from 1-1300MHLz, rising to 1-2800MHz. Al le 
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“The units Cost between aati 289 each. For further informa- 


Electronics and the vehicles of the future 


The motor vehicles on 
the roads today are 
classic examples of a 
technology which has 
been refined and honed 
to near perfection, but 
nevertheless, has 
remained fundamentally 
unchanged over the last 
fifty years 


motor mechanic of 1943 could look under the 
bonnet of a 1993 model car and find most of it 
familiar, A reciprocating piston internal combus- 
tion engine, with spark plug ignition, a gear box 
and power transmission system, axles, brakes, steering sys- 
tem and fuel tank. Of course the design of most of the 
components has changed and they are now infinitely better 
then their equivalents of half a century ago, but this does not 
alter the fact that the technology is still the same - it is a 
technology which is now faced with the changing needs of 
society, and an increasing popular awareness of threats to the 
environment. 


Into the 
Futures. 


The environmental challenge 

The public and politicians are faced with smog bound cities 
and ozone depleted skies, and they clamour for a cut in 
pollution levels. There is the ever present threat that fuel 
supplies will be outpaced by demand, that prices will sky- 
rocket, that we will be held to ransom by the oil producing 
nations. 

Vehicle manufacturers around the world are taking these 
impending changes seriously, so are the oil companies and 
even the politicians. From the politicians we have schemes 
for zero pollution emission zones in our cities, such as the 
scheme in operation in La Rochelle in France, In the USA, a 
10% tax credit for driving an electric vehicle is the most 
ambitious political proposal. The response from the corpo- 
rate sector has been an annual world-wide expenditure of 
over £5 billion on new low pollution vehicle technologies, 
such as electric cars. 

So far, most of the results have been grandiose schemes 
and a handful of ingenious one-off concept cars. These 
concept vehicles have been based on a variety of different 
drive and power technologies, battery electric, regenerative 
flywheels and light-weight aerodynamic bodies, They have 
had a lot of publicity and yet they have remained nothing 
more than concepts. 
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The pioneers 


Of course, there are brave pioneering inventors like Britain’s 
Sir Clive Sinclair who have attempted to open up a market for 
electric vehicles, but without a great deal of success. It seems 
that, although the public may demand a greener future, they 
are also very conservative when it comes to accepting changes 
in vehicle technology. 

Perhaps they are right to be sceptical about electric 
vehicles. After all, there are still a lot of fundamental 
‘ technological and infrastructural problems remaining to be 

solved. Battery technology has a long way to go before it can 
begin to compete with a tank of petrol in terms of energy 
capacity. There is a need for fast battery chargers and as far 
as infrastructure is concerned, there is a need for the electric 
car equivalent of the petrol station, the curb side charger. 

But are these such major problems or is it simply that both 

the general public and the manufacturers are so intractably 
set in their preconceptions of what a motor vehicle should be, 
that they fail to even see the alternatives? They want an 
electric car to look and behave like a conventional car. It is 
an exact replay of the days when the early motor manufactur- 
ers had to produce cars which looked like horse drawn 


carriages. 


The design challenge 
Maybe if the consumer, the designer and the manufacturer 
are prepared to be more imaginative, they will discover that 
many of the technological problems facing electric vehicles 
are not so great. In particular the problem of battery capacity 
versus the power capacity of a tank of petrol. 

There are a great many well respected scientists and 
engineers who quite correctly point out that it takes 100Kg of 
lead acid battery to store the same amount of power as a 
single litre of petrol. They argue that even with the most 
advanced battery technology, such as sodium sulphur, or 
lithium aluminium iron disulphide, battery power density 
will never equal, or even get close to, that of petrol on a 
weight for weight basis. But what such critics ignore is the 
fact that, on average, a modern car only uses a little over 15% 
of the energy content of petrol. The rest is wasted in exhaust 
gasses, pollution and heat before it even drives the vehicle. 
In contrast, an electric vehicle can make 100% use of the 
energy stored in its batteries. 

This observation has been the key to exciting new propos- 
als being put forward by one of the world’s leading think 
tanks, the Rocky Mountain Institute of Colorado. Their 
director, Amory Lovens, has in a recent series of talks given 
to politicians and industry leaders around the world, pointed 
out that the inefficiency in petrol energy usage results in a 
leverage factor in favour of electric propulsion. 


Hybrid systems 
However, he is not actually proposing the development of 
purely electric vehicles. Instead, he is considering hybrid 
systems. With a hybrid system, fuel would be used to power 
a small very high efficiency turbine engine which would in 
turn drive a generator for recharging batteries. 

In a conventional internal combustion engined car the 
maximum engine output power is only rarely used, in over- 
taking or climbing hills, for the rest of the time the engine 
idles at low power and low efficiency. With a hybrid system 
the fuel burning engine need have no more power than the 
average power needs of the vehicle. In other words the 
equivalent of perhaps a 200cc engine. 
Peak power require- 
ments would then 
be drawn from 


energy stored in the battery. In this way the engine can be 
designed for running at maximum efficiency and thus best 
fuel usage and minimum pollution. When the batteries are 
topped up, the engine is simply switched off. 

Lovens expands on the concept of energy reduction by use 
of a hybrid system, pointing out that if we reduce the energy 
required to drive the wheels, then for every unit of energy 
saved there is with an IC engine a seven fold saving in fuel 
usage. This means that if we reduce the energy requirements 
sufficiently, the amount of energy stored in a reasonable size 
and weight battery can provide the user with the kind of 
vehicle performance which he requires. 


Ultralights 
For examples of this approach we only have to look at 
experimental vehicles such as the solar powered cars that 
take part in the World Solar Challenge in Australia (next one 
to be held in November). These vehicles which run on minute 
amounts of solar derived electric power but which can 
achieve speeds of up to 7Smph. Other examples are the 
Voyager ultralight aircraft which circumnavigated the globe 
in 1991 ona single tankful of petrol or, more practically, the 
recently launched GM Ultralight concept vehicle. 

The way to achieve such reductions in power requirement 
according to Lovens, and he is talking about the equivalent 


Motor Technology 

The development of a compact, light, high power and efficient electric 
motor has been one of the key components in the development of 
electric vehicles. At the forefront of such developments is a revolution- 
ary design developed over the last seven years by Devon based 
inventor Cedric Lynch. 

It is a permanent magnet motor which has been specifically 
designed for use in electric vehicles. It is pancake shaped with a disk- 
shaped armature that is ideal for use as a hub mounted motor. The 
design is a low-speed high-torque system with an energy efficiency of 
well over 90%. 

This motor has attracted a lot of interest from electric vehicle 
manufacturers and is currently being evaluated by several European 
electric car and scooter producers. One impressive achievement of the 


of 300 miles per gallon in a car the size of a Ford Escort, is 
first of all to look at the main areas where energy is lost rather 
than used for locomotion. These his institute has identified 
as being energy lost through aerodynamic inefficiency, en- 
ergy lost in heating up tyres and road and energy lost in 
braking systems. 

Of these, air resistance accounts for about 70% of the lost 
energy, At the moment, a standard car’s effective frontal 


Lynch motor was its use as the power source for a hydroplane which in 
1989 set the world speed record for electrically power boats, 

The development of the Lynch motor has so far been through the 
Lynch Motor Company, with the backing of London Innovation, but the 
company has recently formed a joint venture with electricity generating 
giant Powergen to set up a manufacturing unit in Honiton, Devon. This 
plant will initially be able to produce 5000 motors a year, while a 
manufacturing plant serving the North American market is likely to be 
set up in Mexico in the near future. 

The initial production will be concentrated upon a 200mm diameter, 
48V version weighing 11kg and producing a power output of 8kW at 
3,250rpm. Initially such motors will cost about £750 each, but prices will 
fall as manufacturing gets under way. 
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area, in other words the area which has to be pushed through 
the air, is about 0.75 square metres. But with computer aided 
design techniques it should be possible to reduce this to about 
0.2 square metres, without affecting the size or seating 
capacity of the car. Indeed, General Motors has already 
demonstrated a car with a frontal area of 0.33 square metres. 

Reduced aerodynamic drag can also be achieved by using 
new materials such as carbon fibre composites, which have 
much smoother surfaces and which can be manufactured to 
a high tolerance in shapes which would be impossible using 
conventional pressed steel technology. 

At the moment, the energy lost in braking systems is 
simply dissipated as heat in the brake shoes. The use of 
regenerative braking systems would allow this energy, about 
70%, to be largely recovered as electricity and used for 
locomotion at a later period. 

Braking losses can also be reduced by cutting down the 
weight of the car, the less weight the less kinetic energy. 
Halving the current average car weight of 1440 kilograms by 
two thirds should be possible and prototype light weights 
have been demonstrated by General Motors. 

However, the main key to reducing vehicle weight lies not 


in the materials used in the body shell, but in getting rid of 
many of the heavy components found in a conventional car 
and replacing them with light weight electronics. Thus we 
can get rid of steering mechanisms, power transmission and 
gearbox systems, braking systems and environmental control 
systems, 


The challenge for auto electronics 

Electronics and computer control are the key to the further 
development of both electric vehicles and hybrid electric/ 
fuel driven engine vehicles. Electronics will not only be used 
to replace many existing mechanical systems but will also be 
used to enhance the performance of both new and existing 
components. 

Electronics will allow the power stored in a battery to be 
better utilised by allowing power regeneration and short 
period power boosting for rapid acceleration and hill climb- 
ing. Electronics will also be applied to keep battery perform- 
ance at a constant level, eliminating the current situation, 
where there is high performance on a full charge, and a 
subsequent decay in performance as the charge level drops. 

These two factors alone have been responsible for design- 
ers putting more batteries into a vehicle than were actually 


Battery Technology 

Conventional electric vehicles, such as the familiar milk float, have 
for over ninety years (yes electric vehicles have been around that 
fong!} relied upon the standard lead acid battery for electric power 
storage, but the trouble with such batteries is that the amount of 
power stored in a kilogram of battery is very low. The best 
performing electric car using lead acid batteries has a maximum 
range of 100 miles per charge. 

Increasing the amount of power stored means increasing 
vehicle weight, which in tum increases the need for more power, 
a vicious circle from which engineers can only produce a compro- 
mise solution. 

One way out is to increase the amount of electric power stored 
by a kilogram of batteries - in other words improving battery 
technology. To date it is estimated that over $5 billion has been 
spent around the world in developing the super battery, research 
which has resulted in a whole range of new technologies looming 
on the horizon. 

These new technologies start with improvements to existing 
lead acid batteries - the US company Electrosource claims it can 
produce a four fold increase in performance of lead acid batteries. 
Then there are solutions based upon more exotic battery technolo- 
gies, including the widely used NiCAD and Lithium batteries found 
in rechargeable consumer goods. These deliver greater power 
Gensities but suffer from problems associated with recycling the 
old batteries. The lithium polymer cell is the long term solution 
preferred by US car giant General Motors. 

Actually in production are two technologies which offer much 
better prospects as electric vehicle power sources. These are 
sodium sulphur batteries and nickel-metal-hydride. 

The nickel-metal-hydride battery has been backed by Ford 
and largely developed by the US company Ovionics. It is a battery 
technology which has been widely applied over the last few years 
in making small batteries for use in consumer applications. Initial 
research focusing on scaling up the technology indicates that they 
should be capable of offering between 250 and 400 miles per 
charge 

The sodium sulphur battery has been the subject of consider- 
able development work in the UK by battery manufacturers 
Chloride and Silent Power and both companies are now embarking 
on commercial sodium sulphur battery production. It is the battery 
technology which has been picked as first choice by BMW, Ford 
and VW and should provide a performance even better than that 
of nickel-metal-hydride on a weight for weight basis. 

However, they do have one drawback, they operate at a 
temperature of 425C. It has been claimed that this could pose a 
safety problem although the manufacturers have shown in drop 
tests that it is a problem which can be overcome. Overall, the UK 
developed sodium-sulphur batteries look like offering electric 
vehicle manufacturers the best battery technology for at least the 
next decade. 


needed. Coupled with new fast charging techniques such 
electronic systems will enable existing battery technology to 
be more fully utilised. This will allow practical commercial 
electric vehicles to be produced without having to wait for 
better, and much more expensive, battery technologies to be 
developed. 


Power systems 
The use of computer controlled motors built into the hub of 
each wheel will eliminate the need for power transmission 
systems and gearboxes, and allow power regeneration as 
well as accurate speed control. In advanced electric vehicles 
the motor and the wheel will become one and the same thing, 
with sensors built into the wheel to measure rotational speed 
and position. Sensors will also measure the power require- 
ments, allowing the motor to be switched by the controlling 
computer from a motive power unit to a generator. 

When a vehicle with power regeneration is going down 


Electric Racing Cars 
If you pass a milk float crawling along at ten miles per hour you may be surprised to lear that 
the speed record for an electric car already stands at 100,242 miles per hour. That is speed! 

Indeed, there is considerable interest around the world in the development of electric racing 
cars, In France, Renault has produced an electric version of the Renault Elf Campus, a racing 
car aimed at young drivers, and launched at the recent Monaco Grand Prix. This race car is the 
world’s first zero emissions single seater and offers the driver a power output of 68bhp at 
4000rpm and can cover a kilometre in just 33 seconds, giving it a maximum speed of 105mph. 
OK, it can only do three Monaco laps before recharging, but improvements are already under 
way, as are proposals for a world electric car racing circuit with very big prize money for drivers 
and car builders. 

If you think 105mph is fast for an electric vehicle consider the attempt on the 500 kilogram 
world speed record by a car called the Volta. This vehicle has been designed by UK based Lotus 
Engineering, in association with electricity company Seeboard, tyre company Michelin and 
German battery manufacturer Deta. At sixteen feet long, the car should be able to reach speeds 


of 150mph. 


An attempt on the record is being made at the time of writing at Pendine Sands, Wales, the 
site of many land speed records. The car will be driven by Lotus engineer Rudy Thomann, who 
was the man behind the design of Chris Boardman's Olympic gold medal winning bike. 

Even this record breaking speed looks set to be broken within a year by a car called Bluebird 
9, named after Donald Campbell's famous series of world land and water speed record breaking 
vehicles. Designed by Sussex engineer Nelson Kruschand! this 15ft long car has a designed top 


speed of over 250mph, 


hill, power will be generated and returned to the main 
battery, thus conserving overall power utilisation. Power 
regeneration will also provide the vehicle with a braking 
force. It should be possible to completely do away with 
mechanical brakes for anything other than emergency opera- 
tion and instead to rely upon the motors, under computer 
control, to provide braking in either motive or regenerative 


Electric motive power systems which use hub based 
motors will also permit accurate steering by the simple 
expedient of creating a differential in rotational speed of 
wheels on opposite sides of the vehicle. This wil! operate in 
much the same way as a tank or tracked vehicle and will allow 
very accurate manoeuvring. Sensors built into the wheels 
will give full feedback to the steering column, which will 
have no mechanical linkage, just a simple rotation sensor 
attached to the steering control computer. 


Future electronics systems 

Additional sensors linked into the computer will also be able 
to provide anti-skid control. Systems such as this are already 
found on some lorries and top range cars, systems such as the 


Schools projects 

Electric vehicles are an ideal schools technology project since 
their design involves such a wide range of different technologies 
and design concepts, on top of which the development of such 
vehicles is a direct line to the future, a future in which the 
environment and the elimination of pollution will be of enormous 
political and social importance. 

One school which has become involved in electric vehicle 
design is St Richard's RC school in Bexhill-on-Sea. Under the 
auspices of the school's technology and design teacher, Peter 
Fairhurst, a team of students were the inspiration and backing 
behind Lotus Engineering's development of the Volta and its 
attempt on the land speed record. The school have been closely 
involved in all stages of the design and building of this car and 
expect to be at Pendine to see their car break the world record of 
100.242mph. 


Bosch VDC which measures wheel speed, traction control 
and steering angle and is linked via a computer to the engine 
controller to give real time self correcting action to prevent 
skids, 

Further sensors will provide the driver with anti collision 
warnings and, via the computer, automatic avoidance proce- 
dures, Indeed, the fully computer controlled car will be able 
to offer the driver a whole range of additional functions, 
which range from head up instrument displays, to navigation 
systems based on satellite global positioning systems. 

Electronics and computer control will thus provide the 
key to the creation of the car of the future, a car that will be 
light weight, low or zero polluting and very fuel efficient, 
while offering the kind of performance which drivers expect. 
In many ways, the development of such vehicles will parallel 
the revolution which has taken place in computing over the 
last ten or fifteen years, 

This is a move which will see car manufacturing move 
away from large plants with massive investment, towards 
smaller manufacturers using standardised components, plas- 
tic composite body construction and specialist electronics 
and computer software. In the future, the commercial differ- 
ence between two manufacturers could be decided by the 
software run on the car’s computer, a development which 
could see the automotive equivalent of the low cost PC clones 
and the rise of new, highly entrepreneurial, car manufactur- 
ers. 

One thing is certain. New car technology is only just 
around the corner and with it new opportunities, new genera- 
tions of industrialists and engineers, and new multi-million- 
aires. Now is the time for such people to grab a chunk of the 
future, whilst at the same time helping to make the future an 
environmentally better place to live. Nick Hampshire 


For more information 

Readers wanting to find out more about electric vehicles and 
the electronics behind the technology, might find it useful to 
contact some of the following companies and organisations: 


Battery Vehicle Society - 0455 290499 
Chloride Ple - 0204 64111 

Electric Vehicle Association - 0933 276618 
London Innovation - 071 607 8141 

Silent Power - 0928 574451 

Sinclair Research - 071 636 4488 
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Fig.1. Basic EOR gate based address decoding circuit 


omputer Interfacing ‘ 


The PC may be a 
versatile machine, 
but control of 
external equipment 
needs a suitable 
input/output port 


f you compare the IBM PC with one of the older 
generation of personal computers, such as the BBC 
Acorn, or the Commodore C64, you will notice that 
something is missing from the PC. Not something that 
worries most users, but something which prevents those of us 
with an experimental bent from using the PC in the same way 
as we used those earlier machines. What the standard PC 
lacks is a proper bi-directional input/output port, something 


that can be used to control external circuitry and equipment. 

Of course there is a parallel port on the PC, but the 
problem with it is that it has been designed for outputting 
data to a printer. In other words, it is primarily an output port 
with a couple of bi-directional handshaking lines. This could 
be used to control external circuitry, but designing the 
circuitry and the software to use it would be relatively 
complex for many applications. 

The best solution is to use a purposely designed parallel 
V/O board which plugs directly into the processor bus and 
which can be easily controlled using programs written in 
Basic, or any other computer language. Designing a circuit 
which interfaces directly with the PC bus may sound com- 
plex, as indeed it is, but fortunately Intel has done all the 
work for us, by producing a programmable peripheral inter- 
face chip, the 8255, which contains virtually all the circuitry 
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that we need to build a 24 line programmable I/O card. The 
only additional circuitry needed is some address decoding 
circuits. 


Designing a parallel I/O board for the PC 

On the PC, as on any computer using an Intel designed 
processor the I/O address space is different from the memory 
address space. In general, the I/O addresses on a PC are 
decoded using address lines AO through A9. They need to be 
carefully decoded because there are a lot of different func- 
tions performed by I/O devices on a PC, the keyboard, the 


Description Hex address PC/XT 


Hex address PC/AT 


Fixed disk ni 
Games adaptor 200-20F 
Expansion unit 210-217 

2nd parallel printer port ni 
Altemate EGA 2B0-2DF 
GPIB (0) 2E1 * 
Data acquisition (0) 2E2-2E3 * 
Serial port 2 2F8-2FF 
Prototype card 
Fixed disk 
Network card 
ist parallel printer port 
SLDC 
2nd Bisynchronous 

Cluster (0) 

{st Bisynchronous 
Monochrome adaptor/printer 3B0-3BF 
EGA 3C0-3CF 
CGA 3D0-3DF 
Floppy diskette controller 3F0-3F7 
Serial port 1 3F8-3FF 


1F0-1F8 


3F8-3FF 
oe oe 


the chip select for the 8255. On each of the EOR gates one 
input is connected to one of the address lines and the other via 
a switch to either logic 0 for ‘on’ or logic 1 for ‘off’. The 
complete circuit diagram for this address decoding technique 
is shown in Fig.1. 

Amore compact solution to the address decoding problem 
is to use a single chip octal comparator, such as the 74LS688. 
This single chip replaces the eight EOR gates and the NAND 
gate used in the previous design, and is the technique we will 
be using in this design. With either of these circuits it is 
possible to set the physical base I/O address of the 8255. 
anywhere within the range $000 hex to $3FC hex. 

The output from either the 74LS688 or the NAND 
gate will go low when the predefined address is selected, 
but it cannot be directly used to generate the chip select 
input for the 8255. In order to generate this signal it 
needs to be combined with three other signals derived 
from the PC bus. These are the Input/Output Read, or 
IOR line, the Input/Output Write, or IOW line, and the 
Address Enable, or AEN line. First the AEN line and the 
output from the address decode NAND gate are fed into 
a NOR gate, and the IOR and IWR lines into a NAND 
gate, then the output from these two gates is fed into 
another NAND gate to finally produce the CS or chip 
select input for the 8255. 

The 8255 also needs to be connected directly to the 
IOR, IWR, and Reset line inputs from the PC bus, as 
well as address lines AO and A1, and the eight data lines 
DO through D7 . Apart from a few decoupling capacitors 
to eliminate any spikes and noise on the power supply 
lines this is all there is to a simple PC I/O board. A board 
which offers 24 programmable I/O lines with full buff- 
ering latching, and handshaking of data read to or from 


ri = not implemented 


* = devices which decode the full 16 address bits and can reside in a range 


above 3FFhex. Thus GPIB (1) resides at 22E1hex etc. 


Table 1. IBM PC /O Map 


printer ports and the disk drive, just to name a few. A list of 
designated I/O addresses is shown in Table 1. 

Unfortunately, we can not predict exactly what I/O ad- 
dresses are being used in a particular PC because there might 
be special non-standard add in cards. This means that we 
need to use an address decoding system which allows us to 
vary the preset I/O address of the interface circuit. The 8255 
chip actually uses four I/O address locations which are 
selected by the two least significant address lines, Al and AO, 
but this still leaves A2 through to A9 as defining the so called 
‘base address’ of the chip. 

We can set this base address with the aid of a simple 
comparator circuit and a bank of presettable switches. The 
comparator, as shown in Fig.1, can be made from eight two 
input Exclusive OR gates, the outputs from which are fed to 
an eight input NAND gate that in turn will eventually provide 


the board. 

This, as can be seen from the circuit diagram in Fig.2, 
is a very simple circuit and we will not be providing the 
PCB layout and construction details for this alone, since 
we will be combining it with other circuitry which will 
be described in ETI over the next couple of months. The 
result will be a combined I/O and data acquisition card which 
will allow your PC to be interfaced to a wide range of external 
devices, including a range of virtual test equipment. 


Using the 8255 I/O circuit. 

Before one can think about using the 8255 to control any 
external circuitry it is essential that one understands how it 
works, what its limitations are and how it can be programmed 
to do what you want, 

As has already been noted, the 8255 uses four /O 
locations, Three of these are eight bit I/O registers and the 
fourth is a control register. So at the base address is the 
register for Port A, at base address +1, Port B, at base address 
+2, Port C, and at base address +3 the Control Register. We 
can use the computer to read data from, or write data to, any 
of the ports, but we can only write data to the control register. 

It is the control register which determines how the 8255 
functions. It determines the mode in which the chip will 
operate which in turn determines whether a particular I/O 
line functions as an input or an output line, The 24 I/O lines 
on the 8255 are grouped into three 8 bit ports, labelled A, B, 
and C, each of which corresponds to one of the 8255 I/O 
registers. However, the control register divides these 24 /O 
lines into two 12 line groups, Group A and Group B. The lines 
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Fig.2. Circuit for an 8255PPI based IBM PCO board 


in Group A consist ofall the lines in Port Aandthe upper four —_ control register, the function of each of the eight bits is shown 
lines of Port C. The lines of Group B consist of all the lines in Table |. Bit seven of the control register is the Mode/Bit 
in Port B plus the lower four lines of Port C. Set/Reset bit, and is the key to programming the 8255, 

The control register features three operating modes for Normally this will be set to logic 1, where it allows Group A 
each of the two twelve line Groups of I/O lines. These modes —_ and B Modes to be selected, if set to logic 0 it will reset the 
are selectable by setting the appropriate bits within the 8255 registers. 


eS ee 
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In Mode 0, each of the 12 line Groups can be configured 
as a set of eight lines and as a set of four lines, which can be 
either inputs or outputs. In Mode 1, each Group of 12 lines 
can be configured to have 8 I/O lines, two handshaking lines 
and two further lines of I/O. Mode 2 governs all 24 I/O lines 
of the 8255, the Group A lines are set up as a bi-directional 
bus with one line from Group B acting as a handshaking line, 
the remaining lines from Group B being configured to 
operate in either Mode 0 or 1. This should be made clearer 
by consulting Table 2. 


quite a simple circuit, par- 
ticularly when it is based 
around a chip like the 8255 
PPI. Given a PC board of 
sufficient quality, its con- 
struction is well within the 
capability of most electron- 
ics and computer hobbyists. 
With such a board you can let 
your PC control the world 
about it, you can give it eyes 


V/O Address Selection on the PC. 
The first thing when using this circuit is to set the 
address selection switches to an unused part of the \/0 
address area. This can be chosen with the aid of Table 1, 
Note that there is an area reserved for prototype cards. 
You should also carefully look at the settings used on any 
boards already inserted in your machine. The actual way 
in which the switches are set is shown in the following 
table. If you get this wrong you will end up with an address 
contention, in other words two devices at the same /O 
address, and the result could range from failure of an VO 
device to complete system failure. Do not worry if this 
does happen, it is unlikely that you have damaged 


and ears, you can give it mus- 
cles, you can let it be some- 
thing more than a number 
cruncher. 

We strongly recommend that readers who possess a PC 
should make the effort to install a parallel board based on the 
8255 in their system. This is because in future issues of ETI 
we will be covering a great many projects which will be 
connected to a PC via an 8255 based parallel port. These 
projects will range from test equipment, through control 
systems, to strange and wonderful gadgets. If you thought 
that computers were just for programmers, or accountants, 
then wait and see! Jim Morton 


anything, just switch off, reset the address select switches 


Mode selection : 
to a new base address and try again. 


Mode Set 
Bit Set/Reset 


Mode selection - Group A 
Mode 0 
Mode 1 
Mode 2 


Port A 
Input 
Output 


Port C (upper) 
Input 
Output 


Build your own board? 

Readers who so desire could use the circuit described here to 
create their own parallel /O board for the PC. A full description of all 
the lines used in the PC expansion slot connector is shown below. 
But a note of caution, PCBs which are built to plug into the PC’s 
internal expansion slot have to be double sided and of very high 
quality, in terms of both production and dimensions. The edge 
connector must also be gold plated. The production of such boards 
is, by and large, not within the capability of most amateurs and it is 
therefore advisable to either build a board from a kit, use a ready built 
; board, or wait for the ETI board. A list of /O board suppliers is given 
at the end of this piece. | 


Mode selection - Group B 
Mode 0 
Mode 1 


Port B 
Input 
Output 


Port C (lower) 
Input 
Output 


Table 2, 8522 PPI chip Mode selection on the Control 


Connecting external circuitry 
The I/O lines on the 8255 PPI chip are fully latched and 


DER SIDE 
buffered, but they are unable to source or sink large amounts ae 
of current, This means that when configured as inputs they aor 


are unable to accept voltages outside the range normally incon oe 
associated with 5V TTL and CMOS logic circuitry. Further- 

more when configured as an output, such lines are incapable 
of providing more power than is necessary to output data to 
one or two other TTL or CMOS chips. 

It is very important that these limitations are born in mind 
because any attempts to exceed them will almost certainly 
lead to the destruction of your 8255, and may well lead to the 
destruction of your entire PC. So be warned! 

The way around the problem is to provide a buffer, or 
perhaps even isolate, the inputs and outputs of the 8255 from 
any external circuitry. If the external circuitry is working 
using normal 5V TTL power then buffering is probably 
adequate. At higher voltages and particularly if switching 
mains voltages, isolation techniques are essential. We will 
be covering both of these subjects in the next issue. 


(OWS ON AT) RESERVED 
+12V 

GROUND 

(SMEMW ON AT) MEMW 
(SMEMR ON AT) a 


SAQ 
Saa 
SAT 
SA6 
SAS 
SA4 
SA3 
SA2 
SAI 
SAO 


Conclusion 
Adding a versatile programmable I/O port to your PC is 


neither difficult nor expensive. Indeed, such a port is really Higa Po eananeiondidbeanmsction 
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Programming the 8255. 

lf you can write a simple program in Basic you can 
programme the 8255 PP!. The key commands in GW or Q 
Basic are INP to input a value from an \/O address or OUT 
to output a value. The first thing to define in a Basic 
program which uses the 8255 is the base address at which 
the chip is located. So at the beginning of the program we 
need to have a line something like this: 


10 BADR% = &H300 


This sets up a variable called BADR which contains the 
base address of the 8255 chip, in this case 0300hex. This 
variable can then be used when setting the Mode values 
and in all subsequent I/O operations to this chip. Thus it 
we want to set up the chip so that the eight lines of Port 
A function as inputs and the sixteen lines of Ports B and 
C function as outputs then we would use the following line: 


20 OUT BADR%+3,&H90 


With these two lines executed, we can write data to or read 
data from the three 8255 I/O Ports. Thus if we want to set 
all the output lines on Port B to logic 1 we would use the 
following command: 


30 OUT BADR%+1,&HFF 


and if we wanted to input state of the I/O lines on Port A 
into a variable called PORTA, we would use the following 
line: 

40 PORTA% = INP(BADR%) 


It is as simple as that! 


I/O Board suppliers. 


Maplin Electronics 
P.O.Box 3 
Rayleigh 

Essex 

SS6 2BR 

Tel 0702 554161 


This company can offer a basic 24 line 
VO port built around an 8255 PPI chip, 
available fully assembled and tested, 
price £29.95, as a kit £21.95, or as just 
the PCB £12.95. Prices include VAT 
but not postage. 


Alfred Enterprises Ltd 
Cummeen 

Adare 

Co.Limerick 

Ireland 

Tel +353-61-396-696 


This company can offer a basic 24 line 
0 board based on the 8255, fully 
assembled and tested with set-up soft- 
ware. price £33 +VAT, including P&P. 


PC Paraphernalia 
Almac House 
Church Lane 
Bisley 

Surrey 

GU24 9DR 

Tel 0483 797959 


This company provide a whole range of pro- 
fessional PC based data acquisiton, meas- 
urement, and instrumentation boards. They 
include a fully assembled and tested 48 /O 
line board based upon the 8255, at £69+VAT, 


Not an 8255 PPI board but useful never the 
less. 


R Bartlett 

17 Lime Tree Avenue 
Tile Hill 

Coventry 

CV4 SEY 

Tel 0203 473851 


This company offer a PC control board with 8 
inputs, 8 latched outputs, 3 strobes, and one 
IRQ, plus an 8 bit A-D and an 8 bit D-A. Fully 
assembled and tested board with ribbon cable 
£29plus £1 P&P, etched double sided board 
only with full instructions for drilling, assem- 
bly, and testing £12.50. 


Oscilloscopes 


CO 1305, DC to 5MHz Single 
channel £185.00 


CS 4025, 20MHz Dual trace full 
featured £359.00 


CS 5170, 100MHz Dual, Cursor 
readout £1245.00 


CS 6040 150MHz, 4 Chan. Full 
Featured £2195.00 


Eprom Programmer/Emulator 


Stand alone or PC hosted, 

Fast programming/downloading. 
Manufacture specified algorithms. 
Large device support. 

Easy to drive, 


Multimeters 
183, 3.5 digit LCD; DC V, ACV, DC A, ACA, 
Res. Cont. Hold, Basic acc. 0.5% £39.50 


185, 3,5 digit as 183 plus Bar graph, Temp. 
Frequ. Max/Min, Edit Basic Acc. 


lie sialaonn SP-1000 Programmer/Emutator £299.00 


4M Bit option £149.00 


187, As 185 but Auto Range £99.50 PC Software package £29.00 


285, As 185 plus 4.5 digit True, RMs £109.50 


Counters, Generators Oscilloscopes, Power Supplies, Multimeters, Clamp Meters, L.C.R. Meters 
Programmers/Emulators, Multi-lnstrument, Video and Audio Test, Probes and Acce 


SAJE SAJE Electronics 


117 Lovell Road, Cambridge, CB4 2QW 
ELECTRONICS Tel: (0223) 425440 Fax: (0223) 424711 


For further information 
please contact: 
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imple Engine Sound for 
adio Controlled Models 


DRIVE BATTERY +VE 


The satisfaction of roar power 


ver the last few months we have been running a 
series of projects for radio controlled models by 
Craig Talbot. This is the latest in the series of add- 
ons for his low power speed controller system. It is 
a small circuit which gives your model vehicle a realistic 


How it works 

The circuit diagram in Fig.1 shows the simple two IC circuit. IC1, the 
ICM 7555 (or any CMOS 555) runs as an astable oscillator and the 
frequency modulation input (pin 5) is used to increase and decrease the 
frequency of oscillation. The dc voltage which causes this increase/ 
decrease is filtered by R3, R4, C2, C3, from the output drive pulses of 
the Speed Controller (taken from the point marked ‘X’, as per Fig.3). 

As these drive pulses result in a de voltage that decreases the 
frequency for increases in speed, it is inverted by Q1 together with R1 
and collector load R2. Q1 also acts as a buffer between the Speed 
Controller and the filter, providing an output that is proportional to the 
Drive Battery Voltage. The two stages of RC filter reduce the pulses 
down to a usable de level. Preset VA1 alters the unmodulated frequency 
of the 7555, allowing the tickover rate to be adjusted. 

Moving the tickover up or down will, of course, move the range up 
and down. The output is taken from pin 6, in other words across the 
timing capacitor,C4, This signal is then applied via C5 and R8 to the 
preset volume control VR2 and hence to the amplifier. The amplifier is 
a bridge tied output type, which is basically two output amplifiers driving 
the speaker between them. Pretty impressive output levels at low 
voltage can be obtained with this type of output. 

In this application however, the output level is determined more by 
the wattage capability of the small speaker, but the amplifier will deliver 
just over 1W on only 6V, when used with a suitable speaker. The large 
220uF capacitor, C8, is required because of the large current changes 
generated by this amplifier IC, not to mention all the other loads on the 
drive battery. the 7555, while C2 and C3 are part of the filter. That really is all 

Capacitors C1, C6 and C8 act as decoupling for the power rail, to there is in the way of description, it is a very simple circuit in order 
remove some of the higher frequency noise (you may be able toremove _ that it can be kept to a fairly small size. 
one, or even two of these, in some cases). C4 is the timing capacitor for 


Fig.1. RC engine sound circuit diagram 
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Design overview 

Having a model truck with steering, forward/reverse 
speed control, lights, horn, direction indicators and brake- 
lights, 1 only needed to add engine sound to make it fully 
realistic. 

I recorded a large truck engine, running at tickover and 
looked at the waveform on a scope. I soon found that a 
synthesiser would be required to simulate the full sound. 
Even if I had one, the model would never carry it! 

Clearly a simpler approach was needed. This involved 
using a waveform generator through an amplifier in order to 
create a suitable waveform that could pass as a realistic 
engine sound. Out of the usual Sine, Square and Triangular 
waveforms, the triangular sounded best. An amplifier with 


Fig.2. Component overlay 


its input fed through a low value capacitor and series resistor 
slightly improved the overal] sound, but it still sounded a bit 
too smooth. 

To make a rougher sound, a simple unijunction sawtooth 
generator was built which produced a series of spikes that 
gave a sharp edge to the sound. Perhaps not the most elegant 
sound, buta lot better than a mere electric motor and gearbox. 
Armed with this circuit, and a need to keep down both size 
and cost, design proceeded. 

An op amp would produce the waveform, but control of 
the frequency would have proved to be a little more difficult. 
Voltage or current control would have to be pretty smooth 
and there were lots of problems involved in creating a 
variable tickover. More op amps would get around this, but 
the component count would be high. 

The obvious answer was the faithful old 555. This would 
produce a crude sawtooth, if the output was taken from pin 
6 instead of the normal pin 3. It also has a frequency 
modulation input and this was tried. 

The resulting crude sawtooth sounded similar to the 
previous experiment, but it offered the basic sound and a 
method to vary the rate. What was now needed was a small 
amplifier and space demanded an 8 pin DIL amplifier. After 
trying at least three, the TBA7052 IC amplifier was chosen 
and the 555 replaced by a CMOS version (ICM 7555) in the 
interests of low power consumption. 

The Low Power Speed Controller, previously described, 
provides a variable length pulse, where the pulse length is 
proportional to speed. All that was needed was a simple filter 
to turn the variable length pulses into a control Jevel. The 
resulting project is a small PCB with few components and 
easy to build. It can be used as a slow plodding engine sound 
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for a small boat, or even a screaming fast car sound with slight 
adjustment. 

Do not expect this circuit to have the sound output level: 
of a Disco however, it is only low power. After all, the drive 
battery has a lot of work to do and it needs to use most of its 
energy to drive the model along. This circuit draws little 
current, although an exact figure is difficult to state because 
it depends on speaker size and impedance, volume level, 
controller speed and range of frequency. 

The output is a sequence of single pulses, so to simulate 
a four cylinder engine, one needs to run it at about four times 
the speed ofa single cylinder one. Simplicity has been the key 
to the design, so no attempt has been made to produce the 
multiple pulses of multi cylinder engines, or the buzz of 
valves. 

As with all this series of projects, a PCB was used, but is 
not essential. 


Construction 

The first point to note when constructing this circuit is 
that as IC1 is a CMOS device, care should taken in handling 
it. All CMOS devices are sensitive to damage by static 
charges so observe the normal handling precautions. 

There can be some difficulty encountered when soldering 
components since the board will not lie flat, due to uneven 
component heights. For this reason very small boards, such 
as this one, are best clamped in some way, as they tend to run 
away from the soldering iron, due to lack of weight. A 
modellers vice or something similar will do the job. A large 
office Bulldog clip, that is screwed to a heavy block of wood 
is a good low technology and low cost solution. 

This PCB is quite easy to build, see layout drawing Fig.2. 
The components are not very crowded and are fitted flat to the 
board. There are no covered components, which means that 
parts can be fitted in any order. Fitting the preset controls and 
the [Cs first (observing CMOS handling precautions), will 
probably help you to get your bearings. Ensure that the [Cs 
are fitted the right way round. 

The resistors Rl to R8 only need attention paid to their 
values (see Fig. 2 and Parts list). All except three of the 
capacitors are 0.1 uF monolithic ceramics that can be fitted 
either way round. The other three capacitors, C7, a 220uF 
electrolytic and C3 and C4, which are IpF electrolytics, must 
be inserted the nght way. Note the polarity of all of these, 
which are clearly marked on Fig. 2. 

When all components are fitted to the PCB, all that 
remains is the wiring. Connect a red wire at the point marked 
+ (to go to the drive battery Positive) and a black wire to the 


* point marked - (to go to the drive battery Negative). Next, a 


wire on Input (colour not important). The last connections are 
a pair of wires from the points marked Speaker which, of 
course, go to the speaker and can also be connected at this 
time. 

That completes the construction of the PCB. 


Selecting the speaker 

A 75mm speaker, such as the one used on the prototype, 
will limit the usable power to a few hundred mW. Increasing 
the diameter of the speaker will increase the volume as larger 
speakers tend to be more efficient. This is presumably 
because of the increase in power of the magnet. Assume a 
maximum power of 1 W with a suitable speaker. If you have 
a boat which has a very large capacity battery and plenty of 


INPUT FROM X ON SPEED CONTROLLER 
OR FROM ‘SPARE’ ON BRAKE-LIGHT PCB 
IF ALREADY FITTED 


Fig.3. Connection to speed controller 


space, a much larger speaker could be used, with an attendant 
increase in usable output power and a considerable increase 
in bass response, 

The upside of al! this, is that very smal! models will only 
require low sound levels and can therefore be fitted with the 
smallest of speakers. 

As you will see, the Parts List recommends a Mylar Cone 
(moisture proof) speaker. The reason is that most models, 


PARTS LIST 

SEMICONDUCTORS 

C1 CMOS 555 (Observe handling precautions} 
{C2 TDA7052 AF Amplifier C (see Buylines) 
Q1 — N3904 NPN Transistor 


CAPACITORS 

C1,4,5,6,8 1pF Monolithic Ceramic (marked 104) 
C2,3 pF (16V or more) Min Radial Electrolytic 
C7 220.F 16V Min Radial Electrolytic 


RESISTORS 

R13 100K 1/8W 5% 
R2 3K3 1/8W 5% 
A45,6,7 10K 1/8W 5% 
R8 33K 1/8W 5% 


MISCELLANEOUS 


VR1 1M Min Horizontal Enclosed or Open preset 

VR2 4K7 Min Horizontal Enclosed or Open preset 

Speaker Minimum impedance 8 Ohms Mylar cone 
(see construction notes) 

PCBEngine sound PCB (see Buylines) 


BUYLINES 

The TDA7052 is probably available from several suppliers, but if 
you have difficulty, it is available from Maplin, Tel. 0702 554161, 
Part No UK79L, or Electromail, Tel. 0536 204555, Part No 654-485 
Engine sound PCB is available from ACTion, 140 Holme Court 
Ave., Biggleswade, Bedfordshire, SG18 8PB. 

Cost, £2.85 plus 50p postage and handling 

Cash with order only, cheque or postal order made payable to 
ACTion. Also available is a range of kits for building the various 
radio control circuits covered in this series. SAE to the above 
address for further details. 


DRIVE BATT+ 
DRIVE BATT - 


FROM RC SWITCH OUTPUT 
TO STOP/START ENGINE SOUND 
(OPTIONAL - SEE CONCLUSIONS) 


including land vehicles, may have to operate in at least a 
damp environment from time to time, A paper cone would be 
a poor choice from this point of view. Having said that, a 
paper cone will probably give a better low frequency re- 
sponse for a given size. 

Once again, as the unit is versatile and suitable for a huge 
range of models, every case may be different. Due to this, you 
will have to decide which type and size suits your purpose. 
The speaker will need to be in an exposed position in order 
for you to hear it. It will also need to be mounted on a small 
panel (baffle) with a hole almost as large as the speaker 
diameter to give its best performance. Fairly rigid plastic 
card 1s ideal for this. 

Another type of baffle can be made from a tube, with a 
diameter as big as the speaker and a few centimetres long. 
With the speaker glued at the bottom, it gives a good baffle 
effect. Mounting a Mylar speaker in a hatch with a grating 
over it would be a good position for a boat. 

The impedance is stated as 8 Ohms minimum, and higher 
impedances will work, with an attendant reduction in watt- 
age. If you have to buy one, then get an 8 Ohm with a cone 
diameter as large as your model will allow, 

If you have speakers in the junk box, try them all. You will 
be surprised by the results with different sizes and types. 

Don’t drive the amplifier too hard, you don’t want to burn 
it out. Your fingertip will tell you if it is getting too hot. 


Testing 

To do a full test, the Low Power Speed Controller will be 
required, but a quick test can be done without it. 

Set the Tickover preset VRI to the centre position and 


‘turn the Volume control VR2 fully anti-clockwise, then just 


move off the stop in a clockwise direction (about an eighth of 
a turn will do). Setting a low volume will ensure that it will 
not be too loud at switch on, Next, connect the red and black 
drive battery leads to the drive battery. As soon as this is done 
a sound should be heard. Adjust the volume control preset to 
a suitable level for your needs. 

Moving the tickover control will cause a change of 
frequency and its final setting can be done when the Speed 
Controller is connected, if you prefer. If it is OK, then the 
drive battery leads should be disconnected from the battery. 
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* SECURITY EQUIPMENT * 


DIRECT FROM THE MANUFACTURER 
Join the thousands who protect their property with 
AUTONA equipment 


LATEST 2000 SERIES CONTROL UNITS 


Latest 2000 SERIES control units 
& AUTO RESET 2050 Budget version. Suitable for (Rae 
SELF TESTING all sizes of installations. 
* INTELLIGENT 2150 Key operated. Fullreature RRR 
unit with zone switching and A 
very simple operation : 


EXIT OELAY 
SIMPLE OPERATION 
i 2250 Digital key-pad version £54.95 
* CHOICE OF MODELS offering a user set code of A 
2-12 digits +full feature 


specifications. 
Free Colour brochures available on these exciting new units CALL TODAY 


MINIATURE PASSIVE INFRA-RED SENZSOR-RP33 


Switchable Dual range detects Intruders up to 6 or 12 metres 


This advanced sensor operates by detecting the body heat 

of an intruder moving within the detection field. Slow 
ambient changes such as radiators, etc. are ignored. Easily 
installed in a room or hallway. Providing reliable operation 
from a 12V supply, it is ideal for use with the 2000 Series or 


equivalent high quality control unit. 
£16.95 


COMPLETE 
SECURITY SYSTEM 


Next, connect the wire you connected to Input, to the point 
marked ‘X’ on the Speed Controller (see Fig.3). Connect the 
negative from both the Speed Controller and the Engine 
sound PCBs to the drive battery negative, then connect the 
positive to the dead side of the power switch in the Speed 
Controller lead. This will ensure that the sound goes off when 
the model is switched off. 

The unit can now be tested using radio control. The 
tickover setting can be adjusted while the Speed Controller 
is in a stop condition to produce the sound of tickover revs 
that is appropriate to your model. As the control stick on your 
transmitter is moved away from its centre position, the revs 
sound will increase. The sound level can now be finally set 
to offer the best volume level and sound for your particular 
model. As the unit will probably be subjected to considerable 
vibration during its life, the two presets can be sealed with a 
small spot of enamel or nail varnish if you wish. 


Conclusion 

In this project I have tried to make the tickover adjustable 
between a slow plodding diesel marine engine to a fast car 
engine. The increase in rate at tickover is of course reflected 
at the top end of the speed, so as to get up to a fairly high rate 
when set for a fast car. As I said earlier, it was originally made 
for a truck, which is between the two extremes of revs. All 
this is of course a compromise, but nevertheless, I think you 
will agree, much better than no sound at all. 

You will have noted a point on the Engine Sound PCB ON L Y £63. 95 + VAT 
layout marked ‘X’, An R/C Switch Output can be connected ATEST MICRO CONTROL | JNI T, PAS NFRA-RED 
to this point to start and stop the engine sound. This would SOR, SIREN & B )X, CONTACTS SLE ETC 


add the feature of being able to ‘start’ the engine sound EASY TO INSTALL - SIMPLE TO USE 
running, It would, however use another channel to do this. CALL FOR FULL DETAILS TO DAY! 


Anyway, it’s there if you want to use it and it only cost one 
: s ; Pius rath nd aoee of Mca. a accessories 
resistor. If you prefer to use a toggle switch, all you need to 7 : 


do is switch ‘X’ point on the Engine Sound PCB to drive 
battery negative, at some suitable location. 

The other detail is that you may want to run both the 
Brake-lights PCB and the Engine Sound PCB from the Speed 
Controller. This can be accomplished by using the spare pad 
on the Input of the Brake-light PCB to connect to the Input of 
the Engine sound PCB. This is what the spare hole is for. 

Whatever you decide to use it for, or on, I do hope that it 
adds to the pleasure you get from your model. 


Craig Talbot 


AL 12580-125W AMPLIFIER 


A rugged high powered module that is ideal for 
use in discos & P.A. Systems where powers of 
up to 125W, 4 ohms are required. The heavy 
duty output transitors ensure stable and 

reliable performance, Its is currently supplied 

to a large number of manufacturers where 
reliability and performance are the main 
considerations, whilst for others its low price is * 
the major factor. Operating from a supply 
voltage of 40-80V into loads from 4-16 ohms. 


AL 2550-COMPACT LOW-COST 25W AMPLIFIER 


High fidelity at a low price. 
This popular module with tens of thousands 


installed. Ideal for domestic applications. Supply rail £ 5 
20-50v with ioadsot 8 - 16 qhms. 


MM 100-BUDGET 3-INPUT MIXER 


With a host of features including 3 individual level controls, a master volume 
and separate bass and treble control, it provides for Inputs for microphone, 
magnetic pick-up and tape, or second pick-up (selectable), and yet costs 
considerably less than competitive units. 

This module is ideal for discos and public 


BADGER BOARDS 


Printed Circuit Boards 


Pater ig Melly oe neg runs. Minimum charge £15.00. Artwork, 
Plotting from Schematic to final board layout. Send $.A.E. now for 


Catalogue of Kits-Boards-Projects available. Many magazine boards 
produced for individual customers. 
Dept: HRT 87, Pernt Lane, Four oe oan Coldfield, 
4 4JF *** 021-353 93 


PROFESSIONAL SERVICES 


We offer a full R.F. DESIGN SERVICE from design and development 

to prototype. Our extensively equipped !aboratory with screened room 

is available for EMC PRE-TESTING to ensure products comply with 
the EC Directive on emissions and susceptibility. 


CR. °N. SElectronicS enc 


1 ARNOLDS COURT, ARNOLDS FARM LANE, MOUNTNESSING 
ESSEX CM13 1UT. Tel: 0277 352219 Fax: 0277 352968 
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address units and operates from 45V-70V. 


MM 100G GUITAR MIXER 


As MM100 with two guitar + 1 microphone 
input intended for guitar amplifier applications. 


COMPLETE AUDIO RANGE FROM 10W-125W 
SEND FOR DETAILS TODAY 


[5] (AUTONA LTD 


DEPT ET! 11, 
51 POPPY ROAD 
PRINCES RISBOROUGH 
BUCKS HP27 9DB 

AX: 0844 347102 


Add VAT Carriage only £2.00 
Export 10% minimum £2.00 


Order by Credit Card for 
immediate despatch 


TEL: 0844 346326 


ET 


Cover PCB 
Project 


~ An RE 
Hound 


Eradicate unwanted 
background hiss with 
this month’s cover 
PCB project 


adio frequency instability is the cause of many of 
those nasty hissing sounds and whistles which 
can bedevil the builders and designers of audio 
equipment. Indeed, determining the presence of 
any radio frequency (rf) instability is a common problem 
when fault finding on audio equipment. A handy piece of 
test equipment designed to solve this problem is 
the subject of this month’s cover board project, 
from well known electronics expert Robert 
Penfold. 
Audio equipment utilises semiconduc- 
tors, which mostly have good gains at fre- 
quencies 100 or even 1000 times higher than 
the 20kHz upper limit of the audio range. This 
makes high frequency instability a virtual certainty 
unless the designer is careful to take appropriate counter- 
measures. Even when due care is taken with the circuit 
design and component layout, instability can occasionally be 
a problem. 


hobbyists are not equipped with an oscilloscope and, in 
general, oscilloscopes are not the most portable of devices. 
This r.f. probe offers a simple alternative. A LED indicator 
at the rear of the unit switches on when a rf signal is detected. 

The unit also has a low sensitivity setting. When in this 
mode, the unit requires an input level of almost 1V peak to 
peak, before it will produce even a weak glow from the LED 
indicator. Higher input levels produce greater LED bright- 
ness, up to saturation point with an input of about 10V peak 
to peak. This mode enables the rough strength of the input 
signal to be gauged. 

The unit has a wide bandwidth and is reasonably sensitive 
from around 50kHz to more than 50MHz. It is insensitive to 
signals at low and middle audio frequencies, making it 
possible to test for instability that only occurs when an input 
signal is present. The input impedance is 100k shunted by 
about 15p, which should ensure that loading effects on the 
test circuit do not produce erroneous results. 

It is worth mentioning that in addition to detecting rf 


Sometimes, high frequency instability produces tell-tale 
signs that indicate the likelihood of its presence. These signs 
include too much or too little background hiss and erratic 
variations in the background hiss level. There can also be odd 
whistling sounds, caused by stray pick up of radio signals 
which react with the rf oscillations to produce heterodyne 
beat notes. A high hum level on the output signal is another 
warning sign. _ 

These noises are caused by the instability, resulting in a 
large high frequency signal being fed to the loudspeaker. 
This gives high loading on the power supply, with a conse- 
quent increase in the ripple level on its output. The most 
obvious of the tell-tale signs is when smoke wafts out of a 
tweeter! This is caused by strong instability producing a high 
power output signal, practically all of which is directed to the 
tweeter. Few tweeters are designed to handle high power 
levels (which they would not receive in normal use). 

When high frequency instability is suspected, the defini- 
tive test is to use an oscilloscope to examine the output 
waveform of the equipment. Obviously, many electronics 


signals where they should not be present, this probe can also 
show that an rf signal is present and correct. For example, 
without an oscilloscope it can be difficult to determine 
whether or not a crystal clock oscillator is functioning 
correctly. This unit will indicate whether or not such an 
oscillator is producing any output and it will do the same for 
any subsequent divider stages that produce a high enough 
output frequency. 


System Operation 

This rf probe uses the simple arrangement shown in the 
block diagram of Fig.1, An rf amplifier at the input provides 
a small but useful amount of voltage gain. This stage is also 
designed to have built-in highpass filtering, so that the unit 
is insensitive to low frequency signals. A buffer amplifier 
provides a low enough output impedance to drive the next 
stage successfully. This stage is a simple rectifier and 
smoothing circuit, which provides a positive dc output volt- 
age roughly proportional to the rf input level. 

The next stage is a de amplifier and the LED indicator is 
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MFE201 
BC549 
OAg1 
RED LED 
CA3140E 


Fig.2. Circuit for R.F.Hound 


driven from the output of this amplifier. Normally, this stage 
exhibits a voltage gain of slightly under 50 times, which 
ensures that quite low rf input levels will fully turn on the 
LED indicator. With the sensitivity switch set to the low 
sensitivity position, the dc amplifier has unity voltage gain. 
As explained previously, quite high input levels are then 
needed in order to produce full brightness from the LED 
indicator. 


Circuit Operation 

The full circuit diagram for the rf probe is shown in Fig.2. 
The rf amplifier is based on dual gate MOSFET TRI. This 
is used in the common source mode and it provides good gain 
over a wide bandwidth. R1 provides biasing for the gate 1 
terminal of TRI and also sets the input impedance at low 
frequencies. A further function of R1 is to provide simple 
highpass filtering in conjunction with C1. This capacitor also 
provides de blocking at the input. C3 only provides efficient 


Fig.3. Component overlay 
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bypassing of R3 at rf frequencies, giving further highpass 
filtering. TR2 is used as a simple emitter follower output 
stage at the output of TR1. 

The rectifier and smoothing circuit is a simple half-wave 
type based on D1 and D2. The latter are germanium diodes, 
which are better than silicon types in this application, due to 
their much lower forward conduction thresholds. 

The de amplifier uses IC] in a simple non-inverting mode 
circuit. The unit is in the low sensitivity mode when S1 is 
open. JC1 then has a closed loop voltage gain of unity due to 
the 100% negative feedback loop through R7. Closing S1 
boosts the sensitivity by bringing S1 into action. This 
decouples some of the negative feedback, and boosts the 
closed loop voltage gain to almost 50 times. IC1 drives LED 
indicator D3 via current limiting resistor R9. The maximum 
LED current is only a few milliamps, but most modern LEDs 
will give very good brightness from a modest input current. 

No negative supply is used for IC1, since the CA3140E 
will work properly as a de amplifier using a single supply rail. 
Note that most other operational amplifiers (uA741C, 
LF351N, TLO8I1C, etc.) will not operate properly in this 
circuit. The total supply current is about 7mA with the LED 
switched off, or about 12mA with the LED at full brightness. 
A PP3 size battery gives a reasonable operating life and is the 
largest battery that is practical for a small probe-type unit 
such as this. 


Construction 

The component overlay for the printed circuit board is 
provided in Fig.3. This also shows the small amount of point- 
to-point wiring. In most respects, construction of the board is 
very straightforward, but if everything is to be accommo- 
dated properly in a small probe type case it is important that 
the height of the board is restricted to no more than about 
9mm. The leadout wires must therefore be trimmed very 
short on the underside of the board and it might also be 
necessary to angle some of the components at about 45 
degrees, in order to prevent them from projecting too far 
above the board. In particular, C1, C2, and TR2 might need 
to be adjusted in this way. 

Unless a suitably low-profile socket can be found for IC1, 
it must be soldered directly to the printed circuit board. 
Unfortunately, the CA3140E has a PMOS input stage which 
is static-sensitive. However, provided the normal anti-static 
precautions are observed and this component is soldered into 


place using an iron having an earthed bit, it is unlikely that 
it will come to any harm. D1 and D2 are germanium diodes, 
which are more vulnerable to heat damage than the more 
usual silicon types. Consequently, each soldered joint should 
be completed quite swiftly when soldering these two compo- 
nents in place. 

Single-sided solder pins are fitted to the board at the 
points where connections to the off-board components will 
eventually be made. The pins will probably protrude too far 
above the board, but they are easily pruned back slightly 
using a pair of wire clippers. 


The Case 

Although it is not 
absolutely essential to 
build this unit as a 
probe style device, this 
is definitely the most 
appropriate form for a 
project of this type. The 
probe approach has the 
advantage of avoiding a long screened cable at the input, and 
the input capacitance that this would introduce. This extra 
capacitance could give misleading results by damping down 
instability, or blocking rf oscillators that worked perfectly 
well before the unit was connected to their outputs. 

The board has been designed to fit into a Maplin ‘small 
narrow box’, which is well suited to probe style projects. The 
approximate internal dimensions of this box are 120 x 30 x 
25mm, which represents something very close to the mini- 
mum practical size for this project. A long M3 or 6BA screw 
mounted centrally at the front end of the case acts as a probe 
tip. The end of the screw is filed down slightly to give a 
conventional rounded tip. A solder tag is fitted over the screw 
on the inside of the case to provide an easy connection point. 

The chassis connection to the equipment under test is 
made via an insulated lead about 500mm long and terminated 
in a crocodile clip. A small hole for this lead is drilled well 
towards the front of the case, on the left hand side (as viewed 
from the rear). The circuit board is bolted in place on the top 
panel of the case using 6BA or metric M3 screws. The board 
should be mounted with Cl and R1 as close as possible to the 
front panel of the case. 

D3 is mounted centrally on the rear panel of the case. S1 
and 82 are mounted onto the top panel of the case, just behind 
the circuit board. The unit is then ready for the hard wiring 
to be added. Due to the small internal dimensions of the case, 
it is much easier to complete this wiring with the circuit board 
temporarily dismounted from the case. 

The battery fits into the space above the circuit board and 
should be held firmly in place when the lid of the case is 
screwed into place. If there is not quite enough space for the 
battery, the circuit board is slightly too high and the offending 
components must be settled down lower on the board. 
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In Use 

The crocodile clip lead is connected to the earth rail (the 
OV supply rail) of the equipment under test. It must be 
emphasised here that this unit is only suitable for testing 
equipment that is battery powered, or mains powered via a 
supply circuit that provides proper isolation from the mains 
supply. It should not be used with equipment that has a ‘live’ 
chassis. 


For most testing the sensitivity switch should be set at the 
‘high’ sensitivity position. The LED indicator should then 
light up quite brightly even if only a fairly low level of 
oscillation is present. You may sometimes find that the LED 
indicator lights up with the probe tip not quite touching the 
test point! This happens where the signal at the test point is 
both strong and at quite a high frequency. Stray coupling then 
provides sufficient signal transfer to activate the probe. 

As pointed out previously, the low sensitivity position can 
be used if you wish to gauge the approximate amplitude of 
oscillation. Also, some audio equipment seems. to produce 
significant amounts of high frequency noise which can 
produce ambiguous results with flickering of the LED indi- 
cator. With such equipment, it is better to use the low 
sensitivity setting. 

The unit has very low sensitivity at middle and low audio 
frequencies, making it possible to feed in an audio test signal 
and then check for rf instability using the probe. However, 
bear in mind that a squarewave or pulse signal will contain 
harmonics well into the rf spectrum. Consequently, it is not 
possible to use a squarewave or pulse test signal and then use 
the probe to check for ringing or other mild forms of 
instability. This type of testing is only possible using an 
oscilloscope. It is possible to use a sinewave or triangular test 
signal and to then use the probe to check for more severe 
forms of intermittent instability. 


Overload Protection 

The probe can withstand quite high input levels without 
sustaining damage, but when used to test high power audio 
amplifiers there is the potential for very high input levels. It 
would be advisable to 
use the modified input 


circuit of Fig.4 if the PARTS LIST 

sist te tenes used doe RESISTORS (0.25W carbon film) 
‘ 2 R1,5,7 100k 

testing very high power 2k? 

audio equipment. This 930 

involves the addition of 1k5 

a simple zener diode 10k 

clipping circuit, that 1k 
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The protection circuit Red panel LED 

inevitably reduces the IC} = CA3140E 


performance of the 


probe and, in particu- MISCELLANEOUS 

lar, it significantly re- | 4) O.mH (100uH) Hf choke 

dures ts banded, | 2" Soe oe 
cum ais Bi QV (PP3 size) 

but oscillation well into 


Printed circuit board 

Case about 124 x 33 x 30mm 
Battery connector 

Crocodile clip and lead 

Wire, solder, fixings, etc. 


the megahertz range is 
not normally a problem 
with very high power 
audio amplifiers. 

R. Penfold 
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“A simple device for 
money conscienous 
electronic musicians 


ver the last few years the concept of MIDI inter- 
faced musical instruments has become part and 
parcel of the lives of most musicians. So much so, 
that today there is a great deal of MIDI equipment 
available, not just musical instruments, but equipment of all 
sorts and for many different applications. However, much of 
this equipment is, by and large, very expensive, and in some 
cases vastly over complicated with features which may be of 
no use to the user whatsoever. 

A classic example of this is the MIDI program change 
pedal. Normally an expensive piece of equipment, but one 
’ that is both cheap and easy to make. To show readers how, 
ETI regular contributor Pete Sapwell has produced a design 
for a simple MIDI program change pedal. A design which 
does just what it says it does - sends MIDI program change 
commands down one of the sixteen MIDI channels. 


Design overview 

The project described here was designed with a colleague 
in mind, a guitarist. He uses a signal processor which was 
controlled by a dedicated MIDI prog change pedal. Unfortu- 
nately, he had this unit stolen. During his set, he needed to 
change programs on his signal processor quickly. Random 
access was obviously important, ‘stepping through’ by press- 
ing a switch several times in succession would take too long 
and a mistake would also be more 
likely. The design which we came 
up with is fairly small and with ten 
small switches it could be fitted into 


MIDI Program 
Change Ped — x 


How it works. *f 

Referring to Fig.1, SW1-SW10 are the program change 
switches. The signals from these are decoded into inverse binary 
by IC5, and then fed to the 24 bit parallel to serial shift register, 
comprising IC3, IC4 and IC6. SW11 is used to set up the required 
MIDI channel number. 

If all of the inputs of IC5 are at logic ‘1 (no switch depressed), 
all its outputs are at logic ‘1’. Once inverted, this represents the 
binary for prog ‘1’ (0000). Since no switch needs to be pressed to 
achieve this, SW1 is connected straight in to the ‘wired’ OR gate 
comprising D2 - D6. Any switch depression will result in an output 
change on IC5 causing one of the diodes to conduct discharging 
C3. This results in the output of IC2a going high. The components 
C4, R3 and D1 change the leading edge to a brief positive going 
pulse which is buffered and inverted by IC2b. The action of these 
components debounces all the switches, preventing retriggering. 

The negative going pulse from IC2b is fed to the ShiftLoad 
inputs of C3, IC4 and IC6, causing the data present on the parallel 
inputs to be loaded into its internal shift registers. As soon as this 
signal goes high, the data is clocked out to the driver TR1. This 
then inverts all the data and sends it to the outsidé world. 

The 31250 baud rate generator is composed of IC1, Al, X1, 
(1 and C2. A 31.250KHz signal is available at pin 6 of IC1, This 
signal ‘clocks’ the 24 bit shift register continuously, The ‘top’ of the 
shift register is set to logic ‘0' so that after a prog change has been 
sent, the MIDI out socket will revert to no activity. 


0000 0 0 0 oo1t0 0 0 0 


a case, fixed to a guitar strap, or 
built into a foot sized controller. 

To keep the circuit simple, a 
maximum of ten programs was de- 
cided on (he only needed four). I 
considered using an UPC and a pro- 
grammed EPROM, but I thought this would be fairly waste- 
ful for such a simple task and I wanted to exercise my brain, 
so decided to use discrete logic instead. The full circuit 
diagram is shown in Fig.1. 


| | ie El as dwell 


Fig.2 MIDI output timing diagram 


MIDI is transmitted in serial over two wires at a rate of 
31250 bits per second (31250 baud). There is no signal sent 
separately to synchronise the communication between units, 
data is sent asynchronously. Start and stop bits are used to 
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Fig.1 Circuit diagram for MIDI change pedal 
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L 
Fig.3 Circuit timing waveforms 


delimit the data and synchronise the two units. 
No parity bits are sent as error protection and, 
generally, if an erroneous signal is received, it 
is ignored. 

The receiving unit ‘waits’ for a start bit and 
then samples the signal at fixed intervals to 
extract the data. Fig.2 shows the MIDI pro- 
gram change command for program ‘10’ and is 
composed as follows:- | start bit, 8 data bits, 
| stop bit, | start bit, 8 data bits and finally one 
stop bit. 

The first nibble is the MIDI channel (0000 
=chl, 1111 =ch16), the second nibble (0011) 
is the MIDI program change command, the 
last byte represents the program number 
(10010000 = program 10) All MIDI data is 
sent least significant bit first, start bits are ‘0’ 
and stop bits are ‘1’. 


Ny 
BREE E RES E SILC LAL LESLIE NIL LE LEN AE 


Construction and testing 

Referring to Fig.4, construction is fairly 
straight forward on the PCB. The board is 
double sided and needs soldering top and 
bottom, Where you find a pad on the top foil, 
solder to it! A short length of wire should be 
soldered in place at ‘X’. 

I found it hard to get hold of SIL resistors 
and so decided to mount a number of discrete 
resistors vertically and solder their top ends 
together. Take care not to damage the static 
sensitive ICs, and fit these last along with the 
semiconductors. 

SW 11 isused to set up the MIDI channel on 
which the unit will operate. I used a DIL 
switch, but you could save money by just 
fitting wire links here. Fig.6 is a table of link/ 
switch positions against MIDI channels. Con- 


versely, at slightly more expense, a rotary 
Fig.4 Component overlay 
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binary switch could be wired in, to provide quick access to 


any channel. PARTS LIST 
I decided not to include a design for the case, as I thought RESISTORS BUYLINES 
this would be a matter of personal preference, the layout of All .25W Carbon or Metal Film All the components are read- 
switches and their type being best chosen by the eventual Ri 3M9 ily available trom Maplin Electron- 
user. R2,7,8-21 10K ics, PO Box 3, Rayleigh, Essex, 
If the circuit is built on anything other than a PCB, then R3_3K3 $S6 8LR, apart from device 
the use of a dual trace scope is likely to be needed if the unit R4,6 220R 74LS147, which is stocked by Ex- 
R5 2K2 press Components, PO Box 517, 


doesn’t work. Fig.3 shows the timing diagram for the unit 


Hove, East Sussex, BN3 5QZ. 


and should provide an aid when debugging. As for testing, CAPACITORS TEL 0273 206875 
connect the unit to a 9V battery via an ammeter and the C1,2 22pF Min Ceramic 
current drawn should not exceed about SmA. If all is well, C3 47uF Tant 35V Elect 
connect the unit into a MIDI device and hit a button. The ee pi oe 
result will confirm the unit as working (I hope!). pr Min Geramic 
The unit draws around |!mA when = meh so it will C6,? 100nF Polyester megane alain 
mage a? C8 220pF 10V Radial Elect IC1 CD4060 
run quite happily off a 9V battery for some time! 102 CD4001 
D Sapwell 103,4,6 74HC165 
C5 74L$147 
IC? 78L05 
D1-D6 IN4148 
BF er TRi 2N3903 
PP PP PEE [2 lls p >) pepe] — 
cap eaig 8 | | pepe | pepe] To fete | [tele] Swit 4Way DIL switch or wire links 
o—t—6 pec | | | peepee] TT | pepe 215) swi2 On/Off switch 
o—c—o Po ET 2 2 aif 2 ff ee X1_4MHz crystal 
o— Dp —o 3 — FITLINK/ TURN SWITCH ON 5 Pin DIN socket 


LINKS 
Fig.5 Link settings 


PP3 Battery connector 
17 Off 1mm Vero pins 
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Protect your car from 
thieves and vandals 
with this infra-red alarm 
project 


Lie) 
IR 
RECEIVER 
MODULE 
Ponsa 


IRRADIATION ——> 


Fig.1. Block diagram of alarm system 


Car Alarm 


ick up a newspaper, switch on the radio or TV, and 
the odds are that you will hear yet more stories 
about the horrendous increase in both car thefts 
and thefts from cars. Indeed, there must now. be 
few people who have not either had a personal experience of 
such crime or know someone who has. 

It seems that we in the UK are not alone in this respect, 
as according to ETI contributor Magnus Pihl, the same 
increase in car related crime is happening in his native 
Sweden. As he points out the only way to protect oneself and 
one’s car from becoming another statistic is to install a car 
alarm, but cheap and reliable systems are hard to find, a fact 
that has prompted him to design his own system. 

The following is the design for a car alarm which controls 
the central locking system, together with an infra red remote 
control key for turning the alarm off and on. This project is 
divided into two units, the alarm and the infra red transmit- 
ter. This month we take a look at the alarm circuit. 


How the alarm works 

The block diagram in Fig.1 shows that the IR-radiation from the 
transmitter is picked up by the IR-receiver module |C6, an HC-NEO1. The t 
TTL-data output from this circuit is then inverted and fed to the decoder- 
circuit IC1. If the code input by the receiver is correct, then the JK-flip- ! 
flop is clocked by the pulse. 

The clocking of the JK-flip-flop then triggers Timer 1 to start flashing 
the window-LED. Next Timer 2 is triggered by the output of IC1. The 
function of this Timer is to determine how long the Central Locking 
System, or CLS, runs. The function of the following AND gates is to 
separate the open and close signals. These signals then go through two 
drivers for the relays in your car's CLS. If your car does not have a CLS 
then you can make one with the aid of two relays, which will be explained 
later in this article. 

The output from the decoder and the JK-flip-flop is also used as input 
to 1C5. The MMV2 in IC5 decides how long the indicator lamps should 
stay lit. Because of the high current involved, these lights are driven by 
a relay, MMV1 is set running when a door is opened and the alarm is 
activated. It is coupled via a driver circuit to the car's horn. 


Construction of the circuit 

If we look at the actual circuit diagram in Fig.2, you can 
see that R1, R2 and Q] are used as an inverter, thus the IR- 
receiver module HC-NEO] has inverted data at its output pin. 
In order to keep the cost down as well as controlling the size 
of the receiving PCB, the design uses a fully integrated 
component for receiving the code, Normally several OP- 
AMPs and additional circuitry needed, but the HC-NEO1, 
remote control receiver will do the job even better, on top of 
which it is small and only costs about £3. It should be noted 
that this module is often used in TV’s and VCR’s and has a 
very wide and long distance receiving area. It is low-cost, 
extremely compact and fully TTL-compatible. It will only 
detect burstwaves at 37.9kHz. Wavelength 940 nm. Current 
dissipation is 3mA. 

The twelve presettable inputs to the UM3750 decoder 
circuit will give a total of 4096 different combinations. This 
is a sufficient number of combinations to prevent any other 
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Fig.3. Waveform diagram of alarm circuit 


DOOR SWITCH LXXXXXXXXXXXXKXXXXXXXXXX INPUT 


X INDETERMINATE DATA 


= 144 
(R7 +2R8).C4 
t= R6xC3 


"y= R13xC5 IF ALARM IS NOT TURNED 
OFF EARLIER 
t= RIgxCé 


IR transmitters accidentally opening your car. The external 
resistor and capacitor can be adjusted to determine how fast 
the twelve digit security code is sent and thus provide further 
security against unauthorised entry. The recommended fre- 
quency is 100 KHz, but the first prototype ran at 26 KHz. It 
will probably run at many other frequencies. The frequency 
can be calculated using the formulae: 


f= 2/R3*C1. 


Using this formulae to set your own unique frequency, 
plus the twelve digit security code, will secure your car 
completely from unauthorised transmitters. The use of 5% 
tolerance resistors is perfectly acceptable. 


TO FUSEBOX FOR 
DIRECTION LAMPS 


Fig.4. Connecting the alarm to the car 


To set pin 17 (transmit- 
teraccepted) high, the twelve 
correct digits must be sent 
four times, before it accepts 
the transmission code. When 
the transmission stops, pin 
17 drops low again. 

IC 2 (74LS76) is a JK- 
flip flop. When a pulse from 
the output of ICI reaches 
pin 1, it changes from low to 
high and vice versa. The 
output on pin 15 indicates if 
the alarm system is on or 
off. 

IC 3 (NE 556) uses this 
signal to flash the LED in 
your car’s window. The 
other timer in this IC has its 
trigger input connected to 
the output of IC 1 by a ca- 
pacitor C2 and a resistor R5. This is designed to generate a 
rapid pulse which activates the timer that pulls or pushes the 
electronic locks in your car’s doors. 

For motor driven CLS, this pulse length should not 
exceed one second. For pneumatic systems, 6 seconds is 
enough. In a Volvo 240 with motor CLS, 0.5 seconds is 
ample. 

The time is set by t = R6 * C3. 

The two AND gates in IC 4 are used to separate the open/ 
close signals. 

The On/Off signal from IC 2, pin 15 is connected to pin 
2. The signal is also inverted by Q3, R9, R10, and connected 
to pin 13. The CLS-pulse is then connected to both gates next 
input. Now, we have two independent open/close signals, 


HC-NEO1 REAR VIEW 


1 TTL-DATA OUT 
2 = +5V SUPPLY 
3. GROUND 


SN 


which are driving the Darlington stages Q4-Q7. 

‘The rest of this circuit is the alarm system which com- 
prises IC 5, a 4538B dual monostable mulbrivator. The 
length of time that power is supplied to the siren is deter- 
mined by the formulae: 


t= R13 * CS. 


' To confirm that the alarm system has receieved the 
transmission from the transmitter, all indicator lamps will be 
lit for a few seconds. The timer device is coupled at IC 5. 
Once again, the time is set by t= R18 and C6. 

Q8 and Q9 are driver stages and don’t need any further 
explanation. A closer look at Fig. 3 will help you understand 
the system better, when it is running. 


Building the project. 

After you have etched the PCB and cleaned it with 
acetone, the first task is to set the identity code. On the PCB, 
pins 1-12 on IC1 are connected to ground and in order to set 
your own code the appropriate tracks should be cut. You must 
of course set the same ID-code when you construct the 
transmitter. [C1 uses internal pull-up resistors. Calculate 
your own transmission rate for the UM 3750 and mount the 
resistor and capacitor. 

As always, mount diodes, resistors, capacistors first, and 
finish with IC’s, some resistors are mounted vertically. 
Solder all wires toa connector to make it easier to troubleshoot 
the PCB. At all times, study the “PCB-overlay”. 

Notice that D4 is mounted directly onto the relay’s coil 
connections. 

The relay is mounted close by the PCB-card. If you want 
to put the project in a case, this poses no problem, but is not 
absolutely necessary and costs money. A good place to put it 
is under the steering column near the fusebox. But on no 
account should you forget to isolate the PCB from the chassis, 
this is very important. 

All that is left is to connect all wires and mount the final 
CLS- motor, see Fig.4. 


—_ewtay | FOR CARS WITHOUT A CENTRAL LOCKING 
~ — SELEY. — — | system uSe THESE RELAYS AND CONNECT 
THE ADLS MOTORS AS SHOWN IN THE DRAWING 


Fig.5. Central locking circuit 


If the driver’s door is not fitted with a CLS motor then in 
many cases you can fit one yourself. A local car-dealer that 
sells used parts should be able to supply one (for a Volvo 240 
a complete working motor with axis cost about £14 in 
Sweden). It should be connected properly and the key-switch 
in the door used to open/close the doors removed. Connect 
the system in parallel to the passenger door. Notice that the 
driver’s door will not be locked or unlocked until the door is 
closed. 
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For people who do not own a car with 


CLS, then one can easily join two relays as PARTS LIST 

Fig. 5 shows. You must make sure that the Alarm 

relays can handle the current and that the Spee tk 

motors dissipate, Note that the motor dissi- ROR 4,5,A7 10k 

pates several times more current when con- R9,R17,R19 10k 

nected to the door’s lock. R3 100k (see text) 
Use an external fuse at 1A and connect it R6,R16 4k7 

in the power lead. RB 100k 
The CLKS signals from the PCB are RI1.At nd 


connected to the key 
switch in the door, that 
was removed earlier. 


Next, connect the The PCB consists of 5 Capacitors 
door-input to the door integrated circuits. There Ci —_180pF (see text) 
switch in the driver ep Ate problem to c2 100nF 

any of these, or equiva- C3 100pF/16V, axial 
door. Connect the left | ent circuits. in he UK tty | C4.C6 10,F/16V, radial 
and right direction Maplin, Radiospares, etc. C5,C8 100,F/16V, radial 
lamps to the relay and Otherwise, according to C7 —-ATOLFI25V, radial 
feed the common pins Magnus Pihl, the IR-module 


with 12V power. Do 


BUYLINES 


HC-NEO1 and the security 


Ri4 
R18 


Semiconductors 


not use the same pin coat hie * be IC1 UM 3750 
eG ae t at in Swe- C274. LS76 
trina. | Socernesee | es 
eee 171 17 Solna, Sweden. (C4 —- 74. LS08 
they will always light/ Phone: +46 8 7353535. Or- 105 4538 BP 
flash together! der number for IR module is C6 78M05 
Finally, connect 75-220-06 and for UM3750 Q1-Q8 Bc546B 
the horn, power, it is 73-691-43. Q9  —- Bd683 
ground and IR-detec- = ss Lp 
tor leads to their ap- ¥ 
phere watier LED 5mm, red, rectangular. 


propriate connections. When, everything 
looks OK, turn on the power. Make sure that 
you can easily turn off the power if anything 
should go wrong. It is a good idea to sit in the 
car whilst testing it, otherwise, if you are 
unlucky, the system might well lock the 
doors permanently, This will mean that you 
will not be able to open the door, even with 
a key, until the power is turned off. A total 
disaster for both the CLS 
motors, the battery and yourself. 

If the system works properly, cut out or 
copy the labels and attatch them on your 
windows. Enjoy it, and watch out for 
thieves! 


HC-NE01 
Relay 


SIREN 


Troubleshooting 

If there is no response to the transmit- 
ter, use an oscilloscope to make sure the 
IR-diode is transmitting and the ID-code is 
being fed to the UM 3750 in receiver 
module. If these are OK, then check that 
both UM 3750s have the same code and 
that they are running with the same fre- 
quency. 

If doors are open when they should be closed, swap open/ 
close leads. 

If the driver’s door is open when the other is closed, swap 
leads on CLS motor in driver door. 

If the fuse keeps blowing when activating the system, 
ensure that you only connect the power to the relay’s coil by 
the fusebox in your car. 


Miscellaneous 
IR-receiver module. 
2-pole, 10A, 12V. 
CLS motor (see text). 

FUSE, 1A With fusecase. 
12V, 0.5A (120dB) 
Suitable wire, connectors, case 
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PSU Output Monitor 


Keep an eye on your 
power supply’s 
output with this 

ingenious circuit 


power supply of some sort, 

is, next to a voltmeter and 

soldering iron, a piece of 

equipment owned by most 

electronics hobbyists. In this project, 

one of ETI’s regular project designers, 

Bob Noyes, describes an interesting lit- 

tle circuit which can be used to monitor 
the output of your power supply. 

When working at the test bench, most 
small projects are powered by the ‘power 
supply’. Powersupplies range from labo- 
ratory types with several outputs and all 
kinds of trips, cut outs and four digit 
displays showing everything you want to 
know {and several things you don’t), 
down to the home-built, crude, but useful type. 

The middle range of supplies have moving coil meters 
which are useful, as both current and voltage can be moni- 
tored at the same time, but with age the accuracy diminishes 
drastically and the damage caused by overloads can result in 
the needle bending leading to false reading. Also, with age, 
the clear plastic covers over the meter get scratched and begin 
to yellow, as does the background scale plate. 

Ifacircuit needs monitoring but no current is built in, then 
the good old test meter is inserted in series into the circuit. 
This will give an indication, but as a resistance has been 
inserted into the circuit an error is introduced: increasing the 
resistance of the circuit will reduce the total current as well 
as reducing the regulation, because the voltage drop will 
depend upon the current being drawn. Uneven current con- 
sumption will give the effect of a modulated supply. 

This Power Supply Monitor has been designed to upgrade 
these more simple power supplies and even replace moving 
coil meters that have come to the end of their life. It will give 
a voltage reading using 20 LEDs in a barographic display, as 
well as monitoring the current using 10 LEDs, also in a 
barographic display. 

So as not to upset the regulation, the current sense resistor 
is inserted in the OV line, after the smoothing capacitor/s and 
before the regulation circuit inside the power supply, al- 
though a small current is drawn by the regulator circuitry it’s 
not enough to cause a problem. This procedure has been tried 
in several old power supplies without any problems. These 
ranged from an all transistor type - age unknown but ru- 
moured to have been used by Faraday - to a “723” with series 
pass transistor and the good old L200. All worked very well 
and ranged from 500mA flat out to one that gives 8A before 
the volts start to suffer. Fitting instructions are given later in 
the text. 
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The Circuit 

As can be seen from the circuit diagram there are two 
distinct and independent parts, the voltmeter with its power 
supply and the ammeter, with its power supply. 


The Voltmeter 

At the heart of the voltmeter are two LM 3914 linear 
barographic display driver ICs, giving a total of 20 LEDs 
which, via R1 and VR1, are calibrated to give the desired full 
scale. This can be anywhere from 0-5V to 0-6V, depending 
upon the supply being upgraded. 

The 3914s are wired in a configuration which allows IC2 
to read 0.12-1.2V in ten steps and ICI to read 1.32-2.4V in 
ten steps. Inside each 3914 is a ladder of 10 1K resistors, as 
per the diagram (greatly simplified). The internal voltage 
reference of 1.2V is wired across the 10 1K resistors, 
meaning the volt drop across each resistor is 0.12V, giving 
the resolution. An external reference could have been used, 
but this would have added to the component count, complex- 
ity and cost. When the op amps sense the input voltage going 
above these potentially divided 0.12 steps, the corresponding 
op amp turns on the relevant LED, hence giving a bar mode 
display. Internal circuitry can be selected for bar or dot mode. 

Once triggered, the LEDs stay on in ‘bar mode’, as the 
voltage increases giving a bar effect. Note that R4 seems out 
of place, but it is required to ensure LED 10 is turned off 
when the second 3914 comes into operation - this is to do with 
the internal workings of the 3914 (in dot mode). Only | LED 
is on at any one time in dot mode, as one LED is turned on, 
the previous one is turned off. 

Although the bar mode looks more effective, it consumes 
up to ten times more current in each 3914 with all 10 LEDs 
on. This means the supply has to be capable of supplying this 
current and the 3914 can get hot, coming close to its maxi- 
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A SIMPLIFIED DIAGRAM OF THE RESISTOR POTENTIAL DIVIDER 


AND COMPARATORS TO GIVE THE 10 LINEAR OUTPUTS. 
THE 3915/3916 HAVE RESISTORS OF DIFFERENT VALUES TO 
MAKE OUTPUT LOG OR SEMI-LOG. 


Fig.2. Resistor potential divider 


mum power dissipation - not to be recommended in an 
important meter such as a voltmeter. The value of R1 is 
chosen to give the ideal setting of VR1 somewhere in the 
middle, All the rest of the volt drop should appear across R1, 
so for 

10 volts full scale 1/2 volt per LED R1 = 10K 

20 volts full scale | volt per LED R1 = 27K 

30 volts full scale 1.5 volts per LED RI = 47K 

and so on, The selected value is fitted into R1’s position 
on the PCB. 

For the best and most accurate results, the voltage is 
monitored as near to the output terminals as possible, but if 
a switch is included in the output circuit, the unswitched side 
should be monitored. This means that the supply can be 
turned on at the mains with the output switched off and the 
output can be adjusted to the correct voltage before power is 
applied to the outside world via the output switch (see 
diagram). This is extremely useful when using TTL or other 
circuitry that can be overloaded, or possibly give an error if 
the supply is too low, 

The ac supply to the monitor is brought into the terminals 
from its own transformer, which is important because using 
existing taps already connected in the supply could cause 
great damage to the existing supply as well as the monitor. 


The Ammeter 

The ammeter can monitor very low to very high 
currents because the main current flow is not 
through the monitor PCB but through a bypass 
sense resistor, mounted elsewhere in the power 
supply. 

The requirements of the monitor are that at 
least 1.2V are dropped across this sense resistor at 
full scale, i.e. maximum current. The monitor, 
although called an ammeter, is in fact a volt meter 
measuring voltage dropped across the sense resis- 
tor. The relationship between voltage drop and the 
current developing it, is given by the good old 
ohms jaw, when 


V =Ix RV = volts dropped 
I = current in amps 
R = sense resistor in ohms 


In a perfect world, where the reference built in 
to the 3914 is exactly 1.200000V, the sense resis- 
tor is made with the same accuracy and all the 
leads and wires have no resistance at all, there 
wouldn’t be any need for a calibration pot, VR2, 
to set the calibration. Unfortunately, this is not the 
case and errors can creep in everywhere. So, 
instead of developing exactly 1.2V across the 
sense resistor we actually try to develop in the 
order of 1.5V, which means that this voltage is too 
high for a direct reading. By using R6 VR2, this 
over-voltage can be potentially divided down to 
the correct level required to give full scale. The 
reference built in is very stable, it doesn’t vary 
much in value with time or temperature, but this 
exact reference does vary between ICs. 

The size of the current being monitored dic- 
tates not only the value of the sense resistor but its 
size due to dissipation. As the chart shows, at the 
lower end of the scale - say 500mA -this resistor 
should have a rating of at least 1 W up to 25 W for monitoring 
10A. The dissipation power of the resistor is given by 


W=1xV_ We watts 
I = current in amps 
V = volts across resistor 


I is the maximum value likely to be achieved, i.e. the 
power supply’s maximum. The resistor size shown is one 
that allows this dissipation with a good safety margin, i.e. 
10A through 0.15n drops 1.5V - good old ohms law again. 

Actual dissipation is W = Ix V, W = 10x 1.5, therefore 
15W dissipated, only at full power. The resistor recom- 
mended is a 25W device and so runs well within its specifi- 
cation. The dissipation will be much less at lower currents, 
i.e. at 2A only 0.3¥ are developed across it, so a dissipation 
of only 0.6W occurs. 

The 1W 3n resistor could be mounted on the original 
power supply PCB if room can be found, but it is recom- 
mended that any one of the others is mounted off the board 
and on insulated pillars - care being taken to find a place that 
has good internal air flow to keep this resistor as cool as 
possible. [f the 25W one is required then a good heatsink is 
needed. In such a supply, a large heatsink should already be 
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available to keep the output devices cool. This could then be 
used by bolting the 25 W resistor to it. When soldering to high 
power resistors a good mechanical joint should be used as 
well as good soldered one, i.e. the leads are wrapped around 
the terminals on an insulated pillar in the middle order 


used for the voltage monitor and the current monitor are 
slightly larger than may have been expected for a 5V supply 
requiring only a few milliamps. The reason is to supply a 


good clean 9V into the regulators enabling them to operate at - 


this low voltage without any detectable ripple. This means 


resistors -7, 10W - and the wires pushed through the holeand _ that the SV regulators can operate without heatsinks as they 
twisted around the terminal of the 25W ones. Thismeans that —_ only dissipate a few milliwatts. The regulator tabs should not 
if the solder was to get a little soft, due to heat, the wires will be allowed to touch anything because although the voltage 
not fall off because no strain is put on the joint. These high = monitor one is at supply OV, the current one is effectively 
current carrying wires should be as short as possible andthe —_ connected to the other side of the sense resistor from OV, 
wire used should be large enough to withstand the expected = making it slightly negative in respect to the power supply, 


current range. Ov. 
OUTPUT SWITCH 
NOTE: 
MAINS FUSES, SWITCHES, INDICATORS O ee POSITIVE OUTPUT OF PSU 
NOTE SHOWN FOR SIMPLICITY CONNECTED TO UNSWITCHED SIDE 


TO ALLOW SETTING CORRECT 
VOLTAGE WHILE OUTPUT IS OFF 


ORIGINAL 
REGULATOR 
CIRCUIT 


TO PSU MONITOR 
ewe mY eo 
DIODE EARTH POINT MAY NEED TO 
BRIDGE BE MOVED TO REGULATOR 
SIDE OF SENSE RESISTOR 
psu BREAK OV LINE 
TRANSFORMER 
ania 5 OV OUTPUT OF PSU 
= OV IN PIN A 
CURRENT SENSE RESISTOR FITTED - 
Sanevaed cass acedom OV INPINB MONITOR 
REGULATOR CIRCUIT +V SENSE PING 
-V SENSE PIN D 
Fig.3. Adding monitor to PSU 
Connecting The Monitor To A Power 
Supply 
Because no actual power supply is featured, these instruc- 
tions are general rather than specific. 
Firstly, the monitor should be up and running as a 
separate unit in its own right before it’s permanently con- 
nected into its host power supply. When running, i.e. with the 
two 6V ac supplies connected and with no input going to the 
voltage or current terminals A, B, C and D, all the LEDs 
should be off. If any are on, these should be investigated and 
corrected before continuing. 
Terminals A and B of the voltage monitor connections can 
then be made, making sure B is connected to the positive of 
THE ONE THAT LIGHTS UP IS THIS WAY ROUND : : : 
(HOLDING LEDs BACK TO BACK PREVENTS the supply using longer leads than will be required when 
oa eee permanently mounting the monitor. This will enable easy 
access to the monitor for calibration and testing. units are 
Fig.4. Testing LED polarity switched on and a multimeter used to determine the exact 
voltage coming out of the power supply. This should be 
adjusted to around 80-90% of full output of the power supply, 
As with the voltmeter monitor, a completely separate6V — never used 100%, i.e. the 20th LED as this comes on and 
winding is needed to power the circuit. Although it comes stays on even when the voltage exceeds the true setting - a bit 
from the same transformer as the voltmeter supply, itmustbe —_ like a moving coil meter will show full scale deflection when 
electrically isolated from it and any other part of the original _— the needle hits the end stop and even if the voltage is 
power supply circuit. When fitted, this transformer can be increased the needle stays in the same position. So for 
wired in parallel across the main transformer mains connec- _ greatest accuracy the higher end of the scale is used, but not 
tions. its extremity. Any error is divided between as many LEDs as 
It may have been noticed that the smoothing capacitors _ possible. If the calibration was set at say 20% of the scale, any 
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Fig.5. Calibration potentiometer 


error would be multiplied up to 5 
times at the full scale end. 

The resolution of the LEDs 
should be known depending upon 
the highest voltage out, i.e. if the 
highest voltage out is 10V, then the 
resolution can be one LED per 1/ 
2V, i.e. each increasing LED indicates the voltage increasing 
by 1/2V. If the highest voltage is 20V then a resolution of 1 
LED per volt is selected. 30V means 1.5V per LED and so on. 

For the purposes of this article and for simplicity, a full 
scale of 20V is presumed. This means 1 LED per volt, so the 
output of the supply is adjusted to say 18V as monitored on 
the multimeter used for calibration. VR1 on the monitor 
should be adjusted so that the 18th LED comes on. The 
voltage should be reduced to say SV and the fifth LED should 


VOLTAGE TO BE OV 
MEASURED 
+Vin 


FLAT ON SIDE 
OF LED TO Ic 


k 


©: 


ALL LEDs 1-30 SAME WAY 
ROUND. IF IN DOUBT SEE 
TEXT AS TO TESTING. 


NOTE: 

ALL LEDs MOUNTED ON TRACK 
SIDE OF PCB. ALSO BECAUSE 
OF THIS THE LOW END IS ON THE 
RIGHT HAND SIDE FROM THE 
FRONT. WHEN VIEWED FROM 
THE REAR THE LOW END IS ON 
THE LEFT. 


VOLTAGE ACROSS SENSE +V 
RESISTOR USED AS INPUT 
FOR AMPS METER Vv 


Fig.7. Component overlay 


come on - all the LEDs in between have come on and gone off 
(at this point the current monitor remains blank because it 
has yet to be connected). A slight tweak may be required to 
RVI so as to improve the precise point at which the LEDs 
come on, comparing this to the meter. Once this has been 
completed, a small dab of nail varnish may be used to stop the 
vibration (sometimes experienced, especially with higher 
current supplies) from causing the pre-set to re-adjust itself 
with use, Only a small dot of nail varnish is required and it 
should not get onto the track of the pot as this could affect its 
resistance as well as preventing further adjustment and 
hence calibration (see diagram). 

In order to test the current monitor, the power supply is 
used unmoded. Connect up pins C and D across the selected 
value sense resistor and place the multimeter in series. As an 
ammeter a test circuit is produced by using odd resistors to 
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hand, the voltage is adjusted to give around 80-90% of the 
rated current output. RV2 is adjusted to give a corresponding 
reading to that on the multimeter, 

Although there is a volt drop across the sense resistor and 
the multimeter, the accuracy is unaffected as the series 
current is the same all round the circuit, i.e. the current 
through the sense resistor is the same as the current through 
the multimeter, giving the reading used for calibration. For 
the sake of this article | assume a maximum of 1A. The 
chosen sense resistor is |.5n (from the chart), at least 2.5W. 


SENSE RESISTOR | COMMENTS | WATTAGE | 


CAN BE MOUNTED ON PCB 
MAY BE MOUNTED ON PCB 
MOUNT ON PILLARS 
MOUNT ON PILLARS 
MOUNT ON HEATSINK 


Table.1. Sense resistor values 


The connections are made across the resistor and connected 
to C and D, with C the most positive (see diagram). A high 
power resistor of 4.7n has been found (any value from 2.2n 
to 15n) to work, but the higher the value, the higher the power 
it will be expected to handle (15n at amp develops 15W). 


HOST POWER SUPPLY 


Fig.6. Testing the PSU monitor 


A series circuit is produced as per the diagram and the 
multimeter set to a range to show 1A. The voltage from the 
power supply is increased until the multimeter shows 800mA. 
VR2 is adjusted so that the 8th LED comes on. As the voltage, 
which should be around 6V, is reduced the multimeter’s 
current should reduce with a corresponding reduction on the 
LEDs, because at 1 A full scale, each LED indicates 100mA 
- again, a final little tweak may be necessary. A further up and 
down the scale comparison is carried out, checking the 
monitor against the multimeter. 

If everything is OK and all the LEDs illuminate correctly, 
VR2 can be set with a dab of nail varnish. While doing these 
tests, great care must be taken because high temperatures 
may be experienced in the load resistor (in this case 4.7n) 
especially with the higher currents. Once the calibration has 
been carried out, the sense resistor can be mounted inside the 
power supply and the mains transformer also mounted. Great 
care must be taken with mains connections! 

It may be possible to drill out the front panel but more than 
likely a new front panel will be required. This will mean 
repositioning controls and output terminals. Care must be 
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taken that as well as room on the front panel, there must be 
enough room inside so that none-of the repositioned items 
foul the insides of the power supply and no mains connec- 
tions are left.exposed, i.e. on the back of the mains switch 
(they should all be sleeved). 

Because mains is involved, the new front panel must be 
earthed, although the output of the supply need not be. This 
earthing should be done using a non-load bearing bolt and a 
solder tag and wired straight back to the mains lead earth 
using a correctly coloured wire - green and yellow - of 
sufficient size. 

In extreme conditions, a new box may be required to fit 
everything in - again care should be taken mounting heavy 
items like transformers, to make sure they are secure and safe 
and that no wires are trapped. Also ensure that all removable 
panels are well earthed. A template is shown to indicate 
where to drill the 34 holes required on the front panel, 30 for 
LEDs and 4 for mounting. 

The colour of the LEDs is not important so different 
colours can be used, i.e. the upper current 8, 9 and 10 can be 
ted with 5, 6, 7 orange and 1, 2, 3, 4 green. This gives a 
pleasing effect. The same idea can be used with the voltage 

but can only be done if the front panel is drilled with 
individual holes, one for each LED. If one oblong 
hole is cut and a piece of coloured polarised filter is 
used, only one colour of LED is suitable, the colour 
of the polarising filter. When using this mode of 
display, oblong LEDs can be used for greatest effect, 
but check they all fit first. Bob Noyes 


PARTS LIST 
RESISTORS 


CAPACITORS 

C1,C2,03,C4 42 16V 
1000.F 16V 
242 
1000LF 


SEMICONDUCTORS 

10Kn Sub Min Horizontal 
10Kn Sub Min Horizontal 
1 7805 

2 7805 

W005 

WOO5 

LM3914 

LM3914 

LM3914 


MISCELLANEOUS 

30 3mm LEDs (colours not important, see text) which are mounted 
on back side of board. Transformer, 0.6 06 3VA upwards, independ- 
ent windings. 

Sense resistor (See text for value and rating). Mounting pillars or heat 
sink. 

Most of these items are readily available from a host of suppliers. The 
high value 25W resistors can be obtained from Electrobase/RS. 


peri 


mentally Speaking... 


Sensors and data logging 


he design of an experiment to investigate a specific 
phenomena and the collection of suitable data from 
that experiment lies at the heart of scientific re- 
search methodology. Devising the experiment is 
often an enormous challenge and working out the results can 
be very satisfying, but the actual process of taking all the 
measurements can be very repetitive and tedious. 

It is hardly surprising, therefore, that scientists have 
always jumped at techniques which enable them to automate 
some of the measurement and data collection work. Such 
techniques have been made much easier with the advent of 
electronic circuitry to perform many of the most common 
measurements. Electronic circuits can now be built which 
measure temperature, pressure, humidity, light intensity, 
acidity/alkalinity, mechanical stress, gas composition and a 


thousand other things. Indeed every lab is now full of such 
electronic measuring equipment. 

With electronic measuring circuitry, it becomes possible 
to build systems which will record sequences of measure- 
ments, thereby saving the experimenter the tedium of stand- 
ing over his experiment for hours, taking measurements 
every five minutes. Such recording systems are known as 
data loggers. 


However, for the amateur experimenter and for schools 
science departments, the use of a commercial data logger is 
out of the question, as they are far too expensive. But there 
is a cheap and easy solution to this problem, a solution which 
involves the use of a cheap computer, making it possible to 
continuously record, for several hours without human attend- 
ance, one or more experimental parameters which can be 
measured by simple analogue sensors. 


A digital data logger. 

The function of a data logger is to log, or record, information, 
but by its very nature a computer works using binary logic. A 
pulse is either ‘on’ at logic high, or ‘off at logic low. This.is 
fine if all you want to do is measure and record the state of 
aset of switches, but most sensors used to measure scientific 
experiments are not on/off. They produce 
a variable output voltage, they are ana- 
logue devices rather than digital devices. 

So if we want to use a computer to 
record analogue information coming from 
sensor circuits we need to be able to con- 
vert analogue information, the variable 
output voltage, into digital information. 
We can do this with the aid of an analogue 
to digital converter circuit. This can be 
connected to the parallel user port of a 
cheap personal computer, such as the Com- 
modore 64, This circuitry plus a bit of 
software to control it and input the digi- 
tised data, constitutes our simple data log- 
ger. 

The analogue to digital converter cir- 
cuit is very simple and cheap to build. It 
consists of a low cost digital to analogue 
converter IC and a voltage comparator, the 
circuit is shown in Fig.1. The comparator 
has two inputs, one, the voltage to be 
measured, the other a variable reference 
voltage derived from the digital to ana- 
logue converter. Only when the two 
voltages match will the comparator gener- 
ate an output. In this circuit, the compu- 
ter’s parallel I/O port provides the eight 
data output lines which go into the digital 
to analogue converter and the single input 
line input from the comparator. 

In operation, the computer ramps up 
the output voltage from the digital to ana- 
logue converter from zero volts until the required voltage is 
reached. The computer just goes through a simple loop which 
increments the voltage from the D/A, then tests to see if there 
is an input from the comparator, If there is not it goes back 
through the loop. If there is an input from the comparator then 
the value output to the D/A is taken as the input voltage and 
stored in a suitable database. 

Since there are eight output lines going into the D/A, there 
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the simplest measurement circuits are those based around a 
sensor which exhibits variable resistance. This could be a 
photoresistor for measuring changes in light intensity, or a 
thermistor for measuring changes in temperature. The cir- 
cuitry for both of these is just a simple voltage divider chain, 
and an example is shown in Fig.2. 

More complex are those sensors which involve a change 
in output current, sensors such as the photodiode. The best 
way to convert such a current change into a voltage change is 
to use an operational amplifier. A technique which has the 
added advantage in that it allows one to adjust the amplifier 
gain in order to improve or reduce the sensitivity of the 
sensor. A typical circuit for use with a photodiode is shown 


| SENSOR EG, PHOTORESISTOR/THERMISTOR 


could be 28, or 256, steps before a matching voltage is 
indicated by the comparator. This means that such measure- 
ments can be a rather slow process. Much faster is a succes- 
sive approximation technique, which requires just eight 
loops instead of up to 256. 

A successive approximation technique starts by setting 
the most significant bit, bit 8, to logic 1 and all the other bits 
to logic 0. The program then tests to see if the resulting 
voltage is greater or less than the voltage being measured. If 
it is larger, then bit 8 is left set, if smaller then it is cleared. 
The same process is repeated with bit 7 set to logic 1, leaving 
bit 8 set to the value defined in the previous loop and all the 
other bits set to logic 0. Depending on the result bit seven is 
left set or cleared. This same process is then repeated for bits 
6, 5,4, 3, 2, 1 and 0 in turn. The result, a voltage measurement 
in just eight program loops. 

By using a successive approximation technique and suf- 
ficiently high sampling rates. It is possible to use the combi- 
nation of computer and analogue to digital converter as a low 
frequency storage oscilloscope, something which can be used 
to record and analyse the human voice, vibrations, or even 
bird song. 

We can also trade off sampling rate for sampling several 
channels of analogue information coming from different 
sensors. We can do this on low voltage systems with the aid 
of an analogue switch IC which can be controlled by more 
output lines from the I/O port. In this way, one can easily 
measure and record data from eight different sensors without 


in Fig.3. 


The calibration of a particular sensor is always a problem. 
If the sensor has a linear response then the two ends of the 
graph can be determined experimentally. 


If the response is not 
linear, then the compu- 
ter can be used to con- 
vert the input value into 
a measurement value. 
Indeed, so long as one 
can adjust the sensor’s 
output voltage range so 
that it equals the input 
voltage range of the ana- 
logue to digital con- 
verter it is possible to 
use the computer to per- 
form the calibration. In 
a linear response sys- 
tem all that one needs 
to do is multiply all in- 
put values by a con- 
stant. 

Besides measuring 
the output of a sensor, 
the other main require- 
ment in logging data 
from an experiment is 


Electronics in schools science projects 
This is the first of a new and regular series of articles which will 
feature ideas drawn from schools science projects, projects that 
involve to some degree the use of specialist electronic circuitry. 
This article is an example of the kind of material we will be 
publishing and we are looking for the participation of schools and 
students in creating this series. 

To help encourage such participation, and as a reward for 
ingenuity, we will be offering a fee of £50 to those students, or 
schools, whose ideas are published in this series. So as well as 
getting your names in print, you will also get some money to put 
towards further experiments. In a later issue of ET! we will also 
be announcing an annual award for the best ‘Young Electronics 
Engineer’ of the year and contributors to this series will automati- 
cally be entered. 

Anyone wishing to have their ideas published in this section 
should first of all write to the Editor of ETI. Students should also 
enclose a letter from their teacher or tutor verifying the proposed 
contents of the piece. We do not want ideas which have been 
simply copied from other sources, what we are looking for in this 
column are original ideas designed to help in the running of a 
scientific experiment, or as an experiment in its own right. So on 
with the thinking caps, and lets see what you have developed. 


to keep an accurate track of time. This can be done in one of 
two ways. The first is not that accurate and involves using 
delay loops within the controlling program. The second 
method is to us a real time clock, such as the one which is built 
into every PC. Wherever possible the real time clock should 
be used. 


any great loss in maximum sampling rate on any one of them. 


Using the simple data logger. 

What has been described so far in this article is a very simple 
data logging technique and one which lends itself to being 
used with some equally simple measurement circuits. By far 


In conclusion 

This use of a computer as a 
simple digital/analog data log- 
ger is one which lends itself to 
a lot of different applications. 
In this article we have only 
looked at sensors for light and 
temperature which can be eas- 
ily attached to this type of data 
logger but, with a bit ofingenu- 
ity, it is possible to build a 
wide range of different sensors 
thereby enabling one to log the 
results from a great many dif- 
ferent experiments. 


TO LOGGER 
INPUT CIRCUIT 
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PCB Foils 


The PCB foil patterns presented here are 
intended as a guide only. They can be used 
as a template when using tape and transfer 

for the creation of a foil 
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OPEN FORUM 


lectronics Today International has been 

published for nearly 23 years and, in the 
course of that time has informed, led and 
inspired countless numbers of readers across 
the world. Readers who are interested in 
electronics and technology. Readers who want 
to be part of the future. 

Under ETI’s guidance, such readers built 
computers before IBM even thought of the 
PC. They investigated the potential of new 
integrated circuits before they found their way 
into consumer products. They dreamt of using 
technology to make their fortunes or just to 
make the world a better place. 

Technology as we know it today, of which 
electronics is a major part, represents the very 
frontier of human endeavour, a frontier which 
is daily being pushed ever forward into the 
future, along a path which started fifty thou- 
sand years ago with the makers of simple 
stone tools, But readers of magazines like ETI 
do not want to remain in the past, they want to 
be part of the future, part of that onward 
rolling wave of advancement. 

This desire shows clearly in readership 
surveys. Over 70% of our readers have their 
own personal computer, an overwhelming 
majority are avid viewers of programmes such 
as Tomorrow’s World and a great many are 
readers of magazines such as New Scientist. 

As the new editor of ETI, I see it as both my 
own, and the magazine's, duty to be there with 
our readers at the leading edge of technology. 
To share in the excitement and the opportu- 
nity that goes hand in hand with leading edge 
developments, while at the same time show- 
ing how such technology can be used in a 
socially responsible manner to create a better 
world for everyone. Along with this, we must 
retain the unique practical element which has 
distinguished ETI from other magazines. 

We will be looking at the electronics in- 
volved in advanced computer designs, as well 
as using electronics to help the disadvan- 
taged. We will be looking at ways of using 
technology to improve the environment, at 
alternative energy sources and measurement 
of environmental change. We will be looking 
at the use of electronics in schools and educa- 
tion, as well as continuing the tradition of 
informing our readers of new ideas and inspir- 
ing them to create new ideas of their own. 

We will also be improving the practical 
side of the magazine by commissioning new 
projects from some of the best writers and 
designers in the country. Projects which can 
be built by our readers without having to have 
any more than a basic set of tools and equip- 
ment. Projects which can be built on a budget, 


but at the same time provide devices which 
are not readily available and which will be 
useful in the home, at work, or in the labora- 
tory. 

Because so many of our readers have their 
own computer, we will also be looking at ways 
in which readers can use this technology to 
assist them in their work with electronics. We 


will be looking at new software for electronics 


engineers and at ways in which your computer 
can be turned into a range of different pieces 
of test equipment. We will also be looking at 
the use of microprocessors and 
microcontrollers in electronics applications 
and the software needed to make them work. 

We will be introducing, in the next issue, 
a computer conference system which will 
enable any reader with a PC and a modem to 
communicate with other like minded indi- 
viduals around the world. A system which 
will enable participants to swap ideas, seek 
help, find that unusual] component, data sheet, 
or piece of equipment, download free soft- 
ware, access vast databases and of course 
download the CAD files and any related soft- 
ware from ETI projects. 

The ETI computer based conference sys- 
tem is the modern way for enthusiasts to talk 
to enthusiasts. ETI readers will thus have 
access to a 24 hour, 7 day a week, direct line 
to us and to all the other readers. With the ETI 
conference system you need never be alone! 

In fact, communication between readers is 
a primary function of a magazine like ETI. We 
rely on you, our readers, for letters, projects 
and information about what is happening in 
some of the more obscure areas of technology. 
If you have a good idea, or have developed an 
interesting project then let us know and you 
too could be a project author. Let us know 
what you think of the magazine as well, what 
articles you would like to read, what projects 
you would like to make. Without such interac- 
tion we can not guarantee to always give you 
the of magazine that you want. 

What we at ETI want to do is to keep on 
going from strength to strength, increasing 
readership and the quality of the contents, for 
at least another 23 years. To keep our readers 
up to date with the latest developments in 
electronics and encourage them to make things 
and carry out experiments using these latest 
techniques. To provide our readers who are 
involved in the industry and in education, 
with useful ideas which can be used to make 
development work easier. Above all, we want 
to live up to the claim on our front cover - that 
we bring you, our readers, tomorrow’s tech- 
nology today. Nick Hampshire 
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FULL COLOUR GUIDE TO ELECTRONIC PRODUCTS 
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Over 700 colour packed pages with hundreds ~ 
of brand New Products at Super Low Prices, 
on sale now, only £2.95. 


